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FINAL: May 1994
INTRODUCTION

"Although some wetlands are significantly altered or destroyed outright by a single
activity during a short time period, most large wetland systems are impacted
incrementally by many sources over longer periods of time. " (Witmer 1985)

The wetland ecosystems of the Grasslands Management Area, known as the most
valuable of the remaining wetlands in the Central Valley portion of the Pacific Flyway, are
endangered by development and other human activities on surrounding and adjacent lands
(Frederickson and Laubhan 1994). Like many semi-natural areas embedded in human-
dominated landscapes, the Grasslands Management Area is threatened more by cumulative
impacts that cross its boundaries and fragment its continuity than by outright destruction.

The values of wetlands are now generally accepted. Thus, society has afforded them
some level of protection. However, the cumulative effects of diverse land-use activities on
wetlands are imperceptible to most people. But they are no less real. Mitigating those
Impacts requires establishment of some kind of functional buffer zone between anthropogenic
disturbances and natural ecosystems. It also requires that activities that might fragment
wetlands and other natural or semi-natural habitats be strictly controlled, and that high levels
of functional connectivity be maintained between wetlands and other areas important to .
wildlife.

Buffer zones and corridors are among the best accepted concepts in conservation, but
a tremendous variety of buffers and linkages has been proposed. For example, in a recent
review of the literature concerning riparian buffers and their functions at local scales,
Johnson and Ryba (1992) observed that 38 separate investigators recommended buffer widths
of 3 to 200 meters for different site-specific functions and disturbance types. On the other
‘hand, the buffer zones recommended for national parks and other large natural areas, as in
the biosphere reserve model, are often many miles in width (UNESCO 1974, Harris 1984,
Noss 1987a, 1992, Hough 1988). For the Grasslands study area of approximately 179,500
acres (Frederickson and Laubhan 1994), we can assume that optimal buffer widths lie
somewhere between these extremes, that is, probably more than 200 m but less than several
miles. Determining optimal buffer widths and linkages to protect wetland ecosystems requires
site specific review. :

We examined the literature on wetland and riparian buffers and corridors with

* particular emphasis on issues surrounding the waterfow! habitat and the unique pressures of
varjous land uses in the Central Valley of California. We also reviewed the general ,
conservation biology literature related to habitat fragmentation and connectivity. Several
databases were searched for relevant journal articles and technical reports: 'NTIS,
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SELECTED WATER RESOURCES (SWRA) DATABASE, AGRICOLA, BIOLOGY &
ENVIRONMENTAL SCIENCES, WILDLIFE REVIEW, BIOLOGICAL ABSTRACTS, and
LIFE SCIENCES COLLECTION DATABASES. These databases were searched for
keywords and subject. Keywords and phrases searched included wetland buffers, habitat
buffers, waterfow] habitat, San Joaquin Valley habitat, San Joagquin wetlands, buffer width,
cumulative impacts to wetlands, wildlife management, buffer characteristics, grazing and
wetland/riparian, agriculture and wetland/riparian, urbanization and Wetland/ripariaﬂ, and
others. :

FRAGMENTATION OF WETLAND HABITAT AND THE NEED FOR CONNECTIVITY

The functions and features of wetlands and riparian zones overlap considerably,
especially in regions such as the San Joaquin River Valley, where most wetlands are
associated with riparian zones or stream systems. Characteristics of wetland/riparian aress
that are vital to their habitat values for wildlife include high productivity and diversity of
vegetation, early spring availability of forage for herbivores, available surface water and
associated aquatic habitats, and the continuity and connectivity. of these habitats that
facilitates movement and migration of plants and animals (Schroeder and Allen 1992).
Activities such as livestock grazing, residential development, and agricultural practices can
decrease the diversity and ecological integrity of wetland communities and make them more
susceptible to domination by a single vegetation type and invasion by weedy, non-native
species. These changes inevitably reduce the value of the wetlands and riparian zones for
native fauna and flora. Activities that fragment wetland areas make them more vulnerable to
all these impacts. ' ' '

Fragmentation of natural ecosystems is widely documented to have deleterious
consequences. Connectivity--in many respects the opposite of fragmentation--can help keep
natural ecosystems healthy in a landscape that is otherwise highly fragmented (Noss 1987b).
We discuss these two topics each in turn. :

Fragmentation

Fragmentation. of wetland ecosystems by human activities does not differ substantially
- in effect from fragmemtation of other kinds of ecosystems. Habitat fragmentation is one of
the greatest threats to biodiversity worldwide (Burgess and Sharpe 1981, Noss 1983, 1987a,
Harris 1984, Wilcox and Murphy 1985). Fragmentation is often considered to have two
components: (1) decrease in some habitat type or perhaps all natural habitat in ailandscape;
and (2) apportionment of the remaining habitat into smaller, more isolated pieces (Wilcove et
- al. 1986). Although the latter component is fragmentation per se, it usually occurs with
deforestation or other massive habitat reduction (Harris 1984). An almost inevitable
consequence of human settlement and resource extraction in a landscape is a patchwork of
small, ‘isolated natural areas in a sea of altered land.

Early fragmentation studies viewed ihe process as a species-area problem analogous to
the formation of land-bridge islands as sea levels rose since the Pleistocene. Hence, island
biogeographic theory (MacArthur and Wilson 1963,-1967) was invoked 1o explain losses of
species as the area of habitats declined and their isolation increased. Certainly, there are
good analogies between real islands and caves, lakes, prairies in a forested landscape, or
pieces of remnant forest in agricultural land. But there are differences, too. The water that
surrounds real islands provides habitat for few terrestrial species. In contrast, the matrix
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surrounding habitat islands may be a rich source of colonists to the island, many of which
are invasive, exotic weeds or predators on species inhabiting the island. Remnant wetlands
are especially susceptible to exotic species invasion in fragmented landscapes (Ehrenfeld
1983). -

Species richness does not always decline on isolated habitat parches, as predicted by
island biogeographic theory. Richness may even increase (at least temporarily) as species
invade from adjacent disturbed areas. In such a case, species composition often shifts toward
weedy, opportunistic species while sensitive species of habitat interiors are lost (Noss 1983,
Lynch 1987). The matrix in a fragmented landscape is also in a state of flux, as crops are
planted and harvested, as tree plantations go through their rotations,. as farming or
silvicultural methods change, and as human settlements grow and decline. Thus the external
environment of a habitat patch is not as constant or predictable as the water surrounding a
real island.

Fragmentation is a process and ecological effects will change as the process unfolds
(Wiens 1989). In the early stages of the process, the original landscape is perforated by
human-created openings of various sizes, but the matrix remains natural habitat. At this
stage, we would expect the abundance of native species of the original landscape to be
affected little, although the access created by human trails or roads may reduce or extirpate
large carnivores, furbearers, and other species subject to human exploitation or persecution.
Such losses are well documented historically. Also, a narrow endemic species whose sole
habitat just happened to be in an area converted to human land use would also be lost. As
human activity increases in the landscape, the gaps in the original matrix become larger,
more numerous, or both, until eventually they occupy more than half of the landscape and
therefore become the matrix. A highly fragmented landscape may consist of a few remmant
patches of natural habitat in a sea of converted land. Many landscapes around the world have
followed this pattern of change (Noss and Csuti 1994).

Fragmentation does not necessarily spell extinction. A species might persist in a
highly fragmented landscape in three ways (Noss and Csuti 1994). First, it might be able to
survive or even thrive in the matrix of human land use. A number of weedy plants, insects,
fungi, microbes, and vertebrates such as European starlings and house ‘mice fit this
description. Second, it might be able to maintain viable populations within individual habitat
fragments; this is an option only for plants, microbes, and small-bodied animals with modest
area requirements. Or third, it might be highly mobile. A mobijle species could integrate a
number of habitat patches, either into individual home ranges or into an interbreeding
population. Pileated woodpeckers, for example, have learned to fly among a number of small
woodlots to forage in landscapes that were formerly continuous forest (Whitcomb et al 1981,
Merriam 1991). A species incapable of pursuing one or more of these three options is bound
for eventual extinction in a fragmented landscape.

Besides the problem of small populations in small habitat patches being more likely to
go extinct, small patches are also greatly affected by their surroundings. Sun, wind, rain, and
other physical factors create a different environment near the edges of a habitat patch from in
the interior, particularly for forests with relatively closed canopies. Predators, competitors,
and parasites may also thrive in the disturbed habitat near an edge and penetrate some
distance into the patch. Studies of birds in several regions of Nogth America have
documented increased rates of nest predation and brood parasitism by brown-headed
cowbirds in forest, grassland, and wetland ecosystems fragmented by human activities
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(Whitcomb et al. 1981, Brittinghman and Temple 1983, Noss 1983, 1987a, Harris 1984,
Wilcove et al. 1986, Harris and Silva-Lopez 1992, Noss and Csuti 1994). Deleterious edoe
effects commonly extend 50-200 m into a habitat from an edge, and in some cases rnuchu
farther (Noss 1983, Wilcove et al. 1986, Noss and Cooperrider 1994).

The kind of fragmentation that poses the most immediate threat in the Grasslands
Management Area is development activities (for example, intensification of agriculture,
housing or golf course development) that create movement barriers between I;Ilits of hébitat
used by wildlife. As noted by Frederickson and Laubhan (1994, p. 59). "clearly species with
large home ranges have very few areas of suitable size for survival. Thus, a few additional
activities resulting in fragmentation will Impact many more species." For €Xample, the north
and south units of the Grasslands are separated by Highway 152. Roads are known to be
movement barriers to many species of small animals (see review in Noss 1993 and Noss and
Cooperrider 1994). Thus, the road already fragments the wetland ecosystem. Howevér, a
small strip of habitat adjacent to Mud Slough may provide a corridor (or, more accurately, a
bottleneck in a natural corridor) along which some species will travel. Aquatic species will
move along Mud Slough itself. The agricultural fields to the north of the highway are
probably also used as travel routes for species such as the giant garter snake (Thamnophis
gigas; many records of this species in this area are in the California Narural Diversity Data
Base), though they are not suitable breeding habitat.

Amy further fragmentation of this vulnerable linkage between the north and south umits
- of the Grasslands Management Area could well provide the "final blow" in fragmenting the
wetland ecosystem. Importantly, fragmentation is not a black-and-white, "either-or" situation.
~ Rather, it is a relative and cumulative problem. After some threshold of fragmentation is
exceeded, movement of individuals will no longer occur regularly enough to maintain the
population of a fragmentation-sensitive species. Until detailed, long-term studies of species in
the study area are performed, the prudent course is to prevent any further fragmentation of
the system. Indeed, professional opinion among scientists is now firm that the burden of
proof in such matters must rest on those who propose activities that may fragment or
otherwise degrade ecosystems. '

In addition to the many negative effects of fragmentation, as documented ip various
habitats around the world, wetland ecosystems are likely to suffer from disruptions of water
flow and other hydrological impacts that accompany fragmentation. For example, drainage
canals, dikes, and roads have had severe effects on the hydrology, vegetation, flora, and
fauna of the Everglades (Kushlan 1979). Similarly, fragmentation has altered flow patterns
and other aspects of hydrology in the Grasslands study area, but in ways that have not been
well documented (Frederickson and Laubhan 1994). v

- Connectivity

- Connectivity--or, in particular, corridors—-is a complex and contentious issue among

- conservation biologists (Noss 1987b, Simberloff and Cox 1987, Hobbs 1992, Simberloff et
al. 1992, Noss 1993). What conservation biologists are interested In is not simply some
corridor we can recognize in the landscape or draw on a map, but rather functional
connectivity. Functional connectivity is usually measured according to the potential for
movement and population interchange of a target species. The degree of functional :
connectivity in a landscape or reserve network is influenced by many factors (Table 1; Noss
and Cooperrider 1994).
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Connectivity is not just corridors. For species that disperse in apparently random
directions, such as the northern spotted owl (Thomas et al. 1990), connectivity is affected
more by the suitability of the overall landscape matrix than by the presence or absence of -
discrete corridors. Also, not all linkages are functionally equivalent: some, such as-narrow -
edge-dominated corridors, may do more harm than good by serving as mortality sinks
(Henein and Merriam 1990). Some kinds of corridors (for example, roadsides) also create
conservation problems, such as by facilitating the spread of weedy and exotic species. (Noss'
1993a). But other corridors, for example, riparian systems, are well accepted as critical
movement routes for many wildlife species (Harris 1984, Noss and Harris 1986, Binford and
Buchenau 1983). '

Viewed from the perspective of land-use planning, connectivity is basically the
opposite of fragmentation. In contrast to breaking landscapes into pieces, we seek ways to
preserve existing connections and restore severed connections. Preserving existing
connections is almost always a good idea. As argued by Hobbs (1992), "maintenance of
existing linkages should be an important component of any conservation plan, on the basis
that it is easier to retain them now than to replace them in the future." Thus, as noted above,
in the absence of data to the contrary, the most prudent and conservative planning decision is
to prohibit any further fragmentation of an ecosystem and maintain existing levels of
connectivity.

Specifying the scale of connectivity being considered in a conservation plan is critical;
the spatial scale would vary depending on the scale at which the target species disperse and
travel about the landscape. Narrow fencerow -corridors a few hundred feet in lensth form an
appropriate scale for considering functional connectivity for rodent populations (I\/Eerriam
1988), whereas a multiple-use landscape 30 miles wide that lies between two national parks
-can be considered a corridor at a regional scale, if it functions as such for wide-'rang'mg
animals (Noss 1992).

Thus, linkages within the Grasslands Water District--such as the narrow corridor
connecting the north and south units--are important to wildlife at a relatively fine scale
determined by local population dynamics. The connectivity of the Grasslands within the
system of natural and semi-natural habitats in the San Joaquin Valley and the entire Central
Valley is important at a broader scale, as determined by movements of wider—ranging or
migratory species. Finally, the role of remnant wetlands of the Central Valley in the Pacific
Flyway corridor is critical at a still broader scale for migratory waterfowl (Frederickson and
Laubhan 1994). '

In landscapes where natural corridors have been destroyed and cannot easily be
restored, reserves should ideally be very close together and not separated by insurmountable
barriers (Diamond 1975, Thomas et al. 1990). For species, such as many small vertebrates
and flightless invertebrates, that refuse to cross roads or other relatively narrow swaths of
unsuitable habitat (Oxley et al. 1974, Mader 1984, Swihart and Slade 1984, Mader et al.
1990), continuous habitat linkages are needed both for movements within home ranges and
for dispersal. In many cases, roads have been elevated (i.e., underpasses Or tunnels created)
to allow passage of wildlife underneath (Noss 1993).

Even in the absence of distinct movement barriers, sheer distance can make successfil
dispersal unlikely, even for species as mobile as large mammals. Thus, reserves separated by
areas of unsuitable habitat longer than normal (mean or median) dispersal distances of target
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species should contain resident individuals Or populations between them, either distributed
more or less continuously or in stepping stone habitats. - »

Applying basic principles of conservation biology design and considering the
importance of connectivity, a reserve design model for a buman-dominated region consists of
core reserves linked by corridors of suitable habitat and enveloped by buffer zones (Fig. 1,
adapted from Noss 1992). Riparian systems are natural candidates for corridors, as the;l
constiture paths of least resistance through many landscapes and are oftap used as movement
routes by wildlife (Noss and Harris 1986, Binford and Buchenau 1993). Regional networks
of two or more reserves might be linked to other regions by corridors estabiished along
rivers, ridgelines, or other functionally significant natural features (Noss 1992, 1993). i

As noted above, in the Grasslands Management Area the natural linkage between the
north and. south units has been partially severed by Highway 152; Highway 165 partially
fragments the north unit (Frederickson and Laubhan 1994). Canals and other human-
disturbed habitats further subdivide the area for many species. The effects of these barriers
on the functional connectivity of the Grasslands for various species has not been wel]
documented. However, a functional corridor still exists between' the north and south units for
many species of animals. Unfortunately, detailed data on use of this corridor bv various
animal species do not exist. Again, in the absence of specific data on corridor ﬁse, the
prudent option is to maintain existing linkages (Noss 1987b, 1993, Hobbs 1992). Maintaining
and enhancing the corridor between the north and south units of the Grassland Management
Area is one of the highest priorities in managing the ecosystem.

EFFECTS OF ADJACENT LAND USES ON WETLANDS AND THEIR FUNCTIONS

The effects of land use activities on wetland Systems are multiple. The problem is
compounded by the cumulative nature of many pressures that are difficult to comprehend
without viewing the whole picture. Agriculture currently affects more wetland area nationally
than any other human activity. In the context of cumulative impacts, the major dangers to
wetlands are agricultural development, urban development, and conversion of wetlands to
deep water habitats. However, urbanization is rapidly increasing in importance as an impact,
and most studies suggest that the effects of urbanization on a given wetland are more severe
than the effects of agriculture. , ,

Effects of livestock grazing and aericulture

Agricultural activities, including livestock grazing, affect more wetland area than any
other land use in the United States (Nelson 1989). The most prevalent abuse of
‘wetland/riparian zones in many regions is livestock grazing (White 1991). Cattle and sheep
are attracted to wetland and riparian zones because of the quality of vegetation, the shade
provided in such areas, and the availability of water. Grazing affects many elements of the
wetland ecosystem. In general, impacts to wetland vegetation can be separated into four
~ areas: compaction of soils (which increases runoff and decreases water availability to
plants), herbage removal, physical damage to vegetation by rubbing, trampling, and
‘browsing, and changes in the fluvial processes, which may lower the water table and canse a
decline in the vegetation that thrives in Wetland_conditi.ons (Kauffman 1988). Over grazing
not only affects the vegetative component of the wetland, but can also increase sojl erosion
and alter hydrology. Like most other impacts from various land uses, the effects of grazing
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cascade to affect other elements of the system and reduce the overall functions and values of
wetlands. '

In a study of riparian habitat in western Texas, Schmidly and Ditton’ (1978)
documented a significant difference in species composition and density of mammals between
grazed and ungrazed sites. For example, the rodent fauna under grazing conditions was
composed primarily of heteromyid rodents (66% of total catch) whereas representatives of
this family of rodents were rare on the ungrazed sites (1.4% of the total catch). .

The effects of grazing on wildlife and other ecological values in the Grasslands Water
District have not been well studied. Certainly it would not be wise to intensify grazing in
areas adjacent to wetlands. In many areas, reduction in grazing pressure may be required,
but research is needed to determine the optimal level.

Row and truck crop agriculture also have effects on adjacent wetlands. Reduction of
water quality in riverine and wetland systems is often associated with run-off from famms
(Bingham et al. 1980). Agricultural run-off affects habitat structure and diversity and reduces
populations of sensitive species. As Heitmeyer et al (1989) suggested, increased toxic
contamination of invertebrates and seeds in wetlands may have been partly responsible for
waterfowl] population declines in the San Joaquin Valley. These results suggest that
maintenance of healthy waterfowl populations may require either a reduction ig the total
amount of land devoted to agriculture in the valley, restrictions on agricultural use of
pesticides and other chemicals, or both. However, an undeveloped upland buffer zone of
sufficient width might help reduce flow of chemicals into the wetlands.

Between 1950 and 1970, conversion to agriculture was by far the major cause of

~ palustrine wetland loss nationwide (Dahl 1990, Johnston 1994). Nearly 50% of mature
riparian vegetation in the Sacramento River Valley was removed and converted to agriculnire
between 1952 and 1972 (Burms. 1978). Other impacts include the increase in relative corridor
length between wetlands as wetland density decreases in a valley. Johnston (1994) states that
increased corridor length could have a cumulative effect and “"could be detrimental to animalg
that traverse over non-wetland areas to use ‘the resources of several wetlands, the increased
travel length putting them at greater risk to predation by humans and other animals."

Farming in North America has a significant impact on nesting and brood rearing v
waterfowl] (Kadlec and Smith 1992). Agriculture is in direct competition for "wet soils" that
would normally be utilized by waterfowl. In addition to the destruction of wetlands and
waterfow! habitat for agricultural use, the erosion and pollutant runoff associated with
cultivated farming adversely effects waterfowl and wetlands in general.

Despite the documented damage that agricultural activities cause to wetlands, low-
intensity agriculture certainly causes less harm than intensive agriculture. Conservation
easements and other mechanisms that improve the buffering capacity of farmlands and
increase their value to wildlife should be sought in the Grasslands sudy area.

Urban development

Urban development is widely regarded to be the land use with greatest potential
impacts to wetlands (Cooke 1992). A study of wetlands in the Puget Sound area determined
that the degree of urbanization surrounding a wetland is strongly correlated with the degree
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of disturbance to the wetland (Cooke and Conneley 1990, Cooke 1992). The more developed
the basin in which a wetland complex exists, the more potential deleterious Impacts there are
to the wetland (Ehrenfeld 1983, Cooke 1992). Thus, wetland conservation programs must not
only consider protection of individual wetlands, but must also control the extent of
development throughout the watershed or landscape in which wetlands exist.

Impacts of urban development on wetlands noted in the Puget Sound study (Cooke
1992) include (1) physical disruption, such as mowing and digging; (2) chemical disruption,
including inputs of toxicants and fertilizers from lawns and roads; (3) competitive disruption
from introduction of nonnative species; (4) noise disruption, for example from roads and
Iawmnowers; and (5) visible disruption, for instance removing the tree and shrub canopy that-
screens wetlands. Cooke (1992) found that buffer zone functions were reduced in direct |
proportion to the narrowness of the buffer. Buffers less than 50 feet wide showed a 90%
increase in degradation after adjacent urbanization.

In a study of wetlands affected by development as compared to pristine sites,
Ehrenfeld (1983) found that the developed sites tended to lose the herbaceous species
component and exhibitied a decreased frequency of shrub species. This vegetation was
replaced by species from surrounding geographic regions and exotics, a large number of
which were vines. The resulting areas exhibited low habitat value and were degraded because
of the exotic and weedy nature of the colonizers. Urbanization changed water chemistry and
flow, and drastically altered the plant and animal communities of the wetlands. "One of the
most important environmental changes (in wetlands draining developed lands) is the addition
of nutrients to the nutrient poor ground and surface water as a result of urbanization"
(Ehrenfeld 1983). :

- Because urbanization usually seems to cause more damage to adjacent wetlands than
do other land uses, maintenance of a buffer zone (even if in agriculture, rather than natural
habitat) between urban areas and. wetlands is essential. Cooke (1992) found that the
effectiveness of buffers in protecting adjacent wetlands depends on (1) the number of lots
adjacent to the buffer (the fewer, the better); (2) the size of the buffer (the wider, the better);
(3) the type of buffer (vegetation types that act as visual screens, physical barriers to
humans, sediment filters, and chemical filters are preferred); and (4) ownership of the buffer
(buffers owned by landowners who appreciate the purpose of the buffer remain more intact).

Wetland buffers and their characteristics

Wetland scientists generally agree that buffers are needed to protect wetland habitats.
Wetland buffers not only have the potential to insulate wetlands from adverse effects of
various land use activities, but in many instances they also form unique and valuable habitat
in their own right (Brown et al. 1987). :

Our examination of the Grasslands Management Area suggests that the buffer concept
be viewed holistically. Among the potential functions of buffer zones are the following:

1. Capture key ecological factors (rare species occurrences, key watersheds, etc.) not
included in core reserve due to financial, political, or other limitations. Ideally the most
valuable sites are encompassed in the core reserve, but buffer zones might include areas of
somewhat lesser value (less concentrated rare species occurrences, higher road density,
greater past disturbance by humans, etc.).
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2. Provide supplemental habitat (for instance, for foraging) for kev species inhabiting
the core reserve. ) °

3. Serve as a true buffer or filter that protects sensitive habitats and species in core
reserve from disruptive human influences and edge effects originating in the surrounding
matrix. ' ) °

4. Protect people and their domestic animals and plants from depredating large
mammals that may reach relatively high densities in core reserves. B

5. Serve as suitable and safe movement habitat for animals traveling between and
aImong COre reserves.

. 6. Serve as areas for deyelopmg, tes_tmg, and demonstrating land-use and management
practices that are compatible with conservation of biodiversity. ' : :

Buffer zones should be as wide as necessary to accomplish these objectives, or at least
some subset of them. Necessary width will vary depending on several factors: '

a. Size of reserve. The relationship is usually inverse, in that very large reserves may
not require buffer zones, whereas small reserves are subject to intense edge effects and need
. buffering. :

- . b. Type and intensity of land use in matrix. For example, a wider buffer zb‘ne is
indicat;d if the mat_rix is high-density residential as opposed to agricultural land-use.

c. Types and intensities of use expected in buffer zone. If hunting, for example, is
expected to be intense in the buffer zone and species sensitive to hunting occur there, the
zone should be wide enough that hunters do not penetrate far into the zone from access
points along its periphery.

Two or more buffer zones may be advisable in some cases, with inner zones more
strictly protected (e.g., lower road density, more restrictions on agrilcultural activities) than
outer zones. This is the multiple-use module idea of Harris (1984; see also Noss and Harris
1986, Noss 1987b). :

The width of buffer zone needed to protect wetlands is not easy to determine and
must involve site-specific analysis. Since different wetlands have different values that people
choose to protect, there is great variance in the proposed buffer width among wetlands and
types of distarbance. Buffer zones must remain relatively intact for a long time to function
effectively (Corbett and Lynch 1983).

The most common buffer widths that have been recommended for riparian systerns
are from 12 to 33 meters (40-100 feet) (Corbett and Lynch 1985). Wetland/riparian buffer
widths of 33 meters (100 feet) or greater may be effective in maintaining water quality
depending on the disturbance types in surrounding areas (Castelle et a]. 1992).

However, recent research indicates that many buffers are too narrow to protect
wetlands and aquatic habitats (Binford and Buchenau 1993). In King County, Washington
the 7.6 meter (25 foot) buffers commonly established around wetlands in urban settings failed
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to prevent degradation of wetlands (Cooke 1992). Significant deposition of sediments eroded
from agricultural fields in Maryland occurred 80 meters from a field Into a riparian forest
(Lowrance et al. 1988). Based on her study of wetlands in the New Jersey Pine Barrens,
Ehrenfeld (1983) was convinced of the degrading effect of urbanized runoff, but saw the
need for more research to determine whether convenrional buffers are sufficient to prevent

~degradation of the wetlands. In their review of riparian corridors, Binford and Buchepan
(1993) conclude that "80 to 100 meters would be a reasonable minimurm range of buffer
widths...if the objective were to reduce sediment load by 50 to 75 percent; wider corridors
would be necessary for greater sediment removal."

As waterfowl habitats, wetland buffers should provide waterfow] nesting sites and
food, and should meet behavioral requirements such as visual isolation and cover in proper
configurations to avoid or reduce predation. As Kadlec and Smith (1992) note, a single
vegetation type is not likely to provide the diverse habitats required by different species of
waterfowl. "In describing optimum riparian habitat, we must recognize that what is optimum
nesting habitat for a mallard (4nas platyriynchos) is totally unacceptable for a killdeer
- (Charadrius vociferus)" (Kauffman, 1988). Hence there is a definite need for structural as .
well as community diversity of wetlands and their associated buffers. Habitat components
that can be provided by buffers include plant species diversity, structural complexity, and
shelter. Buffers can provide cover and nesting sites for those species that utilize a mix of
wetland and upland areas. ' ' : ‘

In a study of Central Valley habitats, Hehnke and Stone (1978) observed that in
spring and fall migrations, bird density and diversity were higher in riparian and associated
vegetation than in riprapped slopes. In the same study, about 85% of the total number of
birds using agricultural land were blackbirds and sparrows, which indicate a disturbed and
impoverished community. Riparian vegetation appears to be the major factor controlling
avian diversity and density in the Sacramento Basin. Wetlands and their associated buffers
need to be productive enough to provide the 750-950 kg/ha of food necessary to support
current waterfowl populations. There is some question whether the wetland resources of the
Central Valley can sustain these needs (Heitmeyer et al. 1989). If riparian and wetland
vegetation in the Central Valley is further modified, plant and animal diversity can be
expected to decline. ' :

Wetland size is an important factor for many species. However, wetlands of relatively
small size can be useful to waterfowl and some other animal species if they are well buffered
and connected to other wetlands. Sousa and Farmer (1983) estimated that the minimum
habitat area for wood duck broods is about 10 acres. Wetlands smaller than 10 acres may be
used when they are not isolated from other wetlands (i.e., as long as they are connected by
buffered corridors). Wood ducks nest in tree cavities and need 20 acres of nesting habitat for
each acre of brood rearing habitat. Sousa and Farmer (1983) suggested that buffers be
established in relation to open water, specifically in a ratio 50-75% cover to 25-50% open

water.

- Studies of wildlife habitat use along wetland-upland ecotones provide additional
guidance for buffer zone width. To maintain waterfowl habitat in wetland areas, Castelle et
al. (1992) recognized the need to retain natural vegetation structure in an upland buffer
extending out 182 meters (600 feet) from a wetland. In a study of wood ducks in
Washington, nests were located from O to 350 meters (0 to 1149 feet) from open water; most
were within 182 meters (600 feet) of open water (Milligan 1985). Optimum nest cover values
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are assumed to occur within the first 250 meters from any given wetland (Milligan 1985). In
a survey of Swainson’s hawks in the Central Valley, Schiorff and Bloom (1984) found that
77% of the nesting territories that they surveyed were within 432 meters (1,500 feet) of
riparian and wetland areas and were often found in valley oak (Quercus lobata) and Fremont
cottonwoods (Populus fremontii) that averaged at least 12 meters in height.

An important function of buffer zones is to help insulate sensitive animals from
human activity. Josselyn et al. (1989) noted that human activity within 53 meters (175 feet)
of different waterbirds could disturb them and cause an evasive response. Buffers composed
of high vegetation (2-3 meters) were noted to be moderately to highly effective. Aquatic
species are also sensitive to anthropogenic disturbance. Studies of invertebrate interactions
within wetland and riparian zones in California suggest that buffers of at least 30 meters are
needed to protect the benthic community from impacts associated with timber harvesting
(Newbold et al. 1980). Eng (1984) noted that broad habitat protection is more effective that
single-species conservation programs for endangered, threatened, and rare invertebrates in
California.

Finally, the total width of riparian vegetation retained is an important consideration,
because many animal species associated with these communities are area- or edge-sensitive.
For example, avian use of riparian and wetland corridors varies with corridor width. On the
basis of bird population studies in Maryland and Delaware, Keller et al. (1993) recommended
that riparian forests should be at least 100 meters wide to provide some nesting habitat for
area-sensitive species. : : o

These studies indicate that conventional, narrow buffer zones for wetlands are usually
ineffective, and that wider zones of at least 100 meters are needed to meet minima] wildlife
-needs. However, even these widths assume that the buffer is in ideal natural habitat, Buffers
degraded 'to some degree, such as by agricultural activity, probably need to be much wider.
The extremely wide buffer zones (several miles) recommended for biosphere reserves (e.g.,
UNESCO 1974) are intended in part to serve as areas for demonstrating land-use practices
and lifestyles that are compatible with biodiversity. Such a purpose would also seem
appropriate for the lands surrounding the Grasslands Management Area.

Recommendation

Because most of the habitat bordering the Grasslands Management Area is currently
in agricultural use, we can expect that this habitat zone will have to be wider than if it were
in more natural condition in order to provide the values of buffer zones discussed above.
Also, because the values and functions of these zones are diverse, we prefer the term
auxiliary habitat to buffer zone in this case. Our working hypothesis is that this zone should
be at least one mile wide around the Grasslands Management Area to provide these values
and functions. Specifically: -

1.-Any additional development, especially urban, should be prohibited in the one-mile
wide (or more) auxiliary habitat zone unless detailed ecological research demonstrates that
the development will not compromise the habitat values.

2. As a general rule, any activity that fragments habitat or compromises existing
connectivity should be prohibited or rigorously mitigated if the wildlife and ecological values
of the Grassland Management Area are to be maintained. :
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‘3. In particular, the tenuous habitat linkage between the north and south units should
not be further fragmented. Rather, restoration and other activities that enhance the linkage
should be undertaken as feasible. ' i

- 4. The auxiliary habitat zone around the Grasslands Management Area should be used
to develop, test, and demonstrate agricultural practices that are compatible with wildlife and
biodiversity values. Conservation easements or othér agreements that foster agricultural
practices conducive to native wildlife should be established. For example, selected fields can
be left fallow.

5. Some of the agricultural land--especially in areas where wetland/riparian corridors
are presently narrower than optimal--should be restored to wetland condition. Further
research is needed to determine the location of priority restoration sites and the types of
restoration practices needed. '

Detailed studies of species of concern in the Grasslands Management Area are also
needed to establish with greater certainty the auxiliary habitat width and levels of
connectivity required, and the specific types of land use in these zones that are compatible
with native wildlife. Critical information includes data on home range size, movements, and
habitat preferences. Species of concern are listed in Table 2.
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Table 1. Determinants of functional connectivity (from Noss and Cooperrider 1994).

1. Mobility or dispersal characteristics of the target species
a. species-specific habitat preferences for movement
b. dispersal distance or scale of resource utilization

c. rate of movement or dispersal (through various types of
habitats) o :

2. Other autecological characteristics of the target species (e.g., preference for
particular plant species or structural features of the habitat; feeding and nesting

requirements; mortality risks)

3. Landscape context: Structural characteristics and spatial pattern of landscape
(patch, corridors, matrix, mosaics) : '

4. Distance between patches of suitable habitat
5. Presence of barriers to movement (e.g., rivers, roads)

6. Interference from humans, predators, etc.

Table 2. Species of concern in the Grasslands study area.

A joint Federal/State/local government task force has been established to focus on Kern
County (San Joaquin Valley), California, endangered species issues. The primary objective
of the task force is to develop a plan to conserve listed and candidate species and their
habitats. . The planning area encompasses the known range of the blunt nosed leopard lizard
(Gambelia silus), San Joaquin kit fox (Vulpes macrotis mutica) and giant kangaroo rat

(Dipodomys ingens).
[cited in Endangered Species, Technical Bulletin vol. XIII(6-7): 3]

Listed species

Blunt-nosed leopard lizard, Gambelia silus (E) [habitat mitigation, Endangered Species,
Technical Bulletin, May, 1987; habitat conservation under Farm bill, Endangered Species,

Technical Bulletin, May, 1989.]
American peregrine falcon, Falco peregrinu& analus (E)

San Joaquin _kit fox, Vulpes macrotis mutica (E) [habitat mitigation, Endangered Species,
Technical Bulletin, May, 1987.] ' '

Fresno kangaroo rat, Dz'podoniys nitratoides exilis (E) [no references]

January 30, 1995 - Thomas Reid Associates
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Giant kangaroo rat, D. ingens- (E) [oil exploration concern, Endangered Species, Technical
Bulletin, Sep. 1987]

Tipton kangaroo rat, D. nitratoides nitratoides (E) [approved listing, Endangered Species,
Technical Bulletin, Aug. 1988] '

Valley elderberry longhorn beetle, Desmocerus californicus dimorphus (T) [mitigation of
habitat loss, Endangered Species, Technical Bulletin, Mar, 1986]

Hoovers wooly-star, Erias_rram hooveri (T) [ﬁotes on threats to habitat, California Native
Plant Society's Inventory of Rare and Endangered Vascular Plants of California]l

Giant garter snake, Thamnophis gigas (E)

Vetnai pool fairy shiimp, Brclznc/zz'necta lynchi (E)

Califonia linderiella, Linderiella occidentalis (E)

Candidate Species |

California tiger salamander, Ambystoma cdlifo%m'ense [no referenceé]
Western spadefoot toad‘, Scaphiopus hammondi hammondi [no referfences]
Tricolore‘dv b_l_ackbird, Agelaius tricolor [no refe_rences]

White-fac‘ed ibis, Plegadis chihi [no references]

Mountain plover, Charadrius m&ntanus [no references]

California horned lark, Eremophila alpestris actia [no referencesj
Loggerhead shrike, Lanius lﬁdb?iéiqnus [no references]

Western snowy plover, intérior population, Charadrius alexandrinus nivosus [no references]
‘Paciﬁc western big-eared bat, Plecotﬁs' townsendii townsendii [no references]
Riparian brush rabbit, Sylvilagus bachmani riparius [no references]

San Joaquin Valley woodrat, Veotoma fuscipes ripdria [no references]

San Joaquin dune beetle, Coelus graci-lis [no references]

Ciervo aegialian scarab beetle, Aegialia concinna [no references]

Heartscale, Atriplex cordulata [notes on distibution California Native Plant Society’s
Inventory of Rare and Endangered Vascular Planis of California)

January 30, 1995 - Thomas Reid Associates
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Valley spearscale, 4. joaquiniana [notes on distibution and threats California Native Plant
Sociery’s Inventory of Rare and Endangered Vascular Plants of California]

Fleshy owl’s clover, Castilleja camperstris [noteé on distribution and threats California -
Narive Plant Society's Inventory of Rare and Endangered Vascular Plants of California)

Hispid bird’s beak, Cordylanthus molls ssp. hispidus [notes on distribution and threats
California Native Plant Society’s Inventory of Rare and Endangered Vascular Plants of

California]

Delta coyote thistle, Eryngium racemosum [notes on distribution and threats California Native
Plant Society’s Inventory of Rare and Endangered Vascular Plants of California)

Merced monardella, Monardella leucocephala [notes on distribution and threats California
Native Plant Society’s Inventory of Rare and Endangered Vascular Plants of California)

Colusa grass, Neostapfia colusana [notes on distribution and threats California Native Plant
Society’s Inventory of Rare and Endangered Vascular Plants of California)

San Joaquin orcutt grass, Orcuttia inaeqgualis [notes on distribution and threats California
Native Plant Society’s Inventory of Rare and Endangered Vascular Plants of California)

Arburua Ranch jewelflower, Streptanthus insignis ssp. Iyonii [notes on distribution and
threats California Native Plant Society's Inventory of Rare and Endangered Vascular Plants

of Californial

Janudry 30, 1995 - Thomas Reid Associates
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Fig. 1. A model reserve network for a human-dominated region, consisting of core reserves,
connecting corridors or linkages, and multiple-use buffer zones. Only two core reserves are
shown, but a real system may contain many reserves. Outer buffer zones would allow 2
wider range of compatible human activities than inner buffer zones. In this example, an
interregional corridor connects the system to a similar network in another natural region.

Adapted from Noss (1992).
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Fig. 1. A model reserve network for a human-dominated region, consisting of core reserves,
connecting corridors or linkages, and multiple-use buffer zones. Only two core reserves are
shown, but a real system may contain many reserves. Outer buffer zones would allow a
wider range of compatible human activities than inner buffer zones. In this example, an
interregional corridor connects the system to a similar network in another natural region.
Adapted from Noss (1992).
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APPENDIX B.

Extensive mapping of geographic information was used to support the
recommendations of this study. The digital database, about 325 megabytes of dara, includes
maps and tabular data all georeferenced and essentially linked to each other. Map based data-

- was translated, and converted as necessary for imput into UNIX based ARC/INFO. Tabular
data were input into INFO or left in dos-based spreadsheets with each data item cross
referenced to some ARC/INFO attribute (for example MAP INDEX in the Namral Diversity
Database and PARCEL # in the Pesticide Permit Application from the Agricultural
Commission) :

Belbw is a list of the coverages most used in the study, a listing of the contents of the
the computer directories, and the code for each of the AML (ARC Macro Language) scripts
used to generate the presentation maps. They are available in the /home/lgwd directory.

All coverages are in the UTM projection, datum NAD27, meters. This allows them
to be overlaid on the erdas image file (t4334gras.gis). The source of the data is in
parenthesis. Items with an * have detailed code and annotation information in the Data
Dictionary folder (ddf).

Coverages preceeded with a # are .also to be found as export files *.e00 files in
/home/lgwd/arcview. These can be "ftp-ed" (File Transfer Protocol) over to dos for viewing
and printing on Arcview, '

ANNEX -potential annexations from the 1994 Los Banos General Plan. (TRA)
AINTEREST -expanded sphere of influence identified in 1994 Los Banos General Plan
(TRA) : - :

- AIMPACT -an area identified for planning purposes in the 1994 Los Banos Beneral Plan,
larger than AINTEREST, that includes the area that should be considered when
implementing the general plan.

# AROADS -all roads within the study area, the .aat has all street names that can be used in
arcplot for labeling purposes or in arcedit (item = stname) to id.(MDSS) '
BOOK428 * -parcels in Book428 refer to assessor book code, see below (MDSS)

# CENSUSS0 * -tiger census data for annotation code see data dictionary (TEALE/MDSS)
# CORRCLIP - clip coverage to focus on the corridor area (TRA)

# COUNTY-the county bnd (MDSS) _

# FLYLOC -flyover locations for pintail data, karen has joe’s write-up about the data
(NBB/JOE FLESCKES/TRA)

# GENPLAN -outer boundary of general plans for all cities in Merced county(MDSS)

# GGP -Gustine general plan with zoning info (MDSS) ’

# GWD -Grassland Water District Boundary (MDSS)

GRIDPOPSP -Projected population coverage- not trnsferred into utm (MDSS)

# WDONE -One mile buffer around GWD (TRA) _

# GWMA -Grassland Wildlife Management Area (MDSS)

# GWMAONE- One mile buffer around GWMA (TRA)

# GWMASA -Study Area = 2 mile buffer around Grassland Wildlife Manag (MDSS)

# LBGP -Los Banos general plan with zoning info (MDSS)

# LUS0 -1990 Landuse (MDSS/DEPT OF CONSERVATION)

# MROAD -main roads in the GWMA study -area see aroads(MDSS)
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# MUNI -municipal boundaries for cities within Merced Co.(MDSS)

NDDB * -Natural Diversity Database point and polyvgon coverage for all CA rare, threatened
and Endangered species. The associated file, nddbdata.df, an upload of the current RareFind
database, is accessible only through tables. It is VERY important not to build or clean this
coverage! More details are in ddf (CAF&G/NATURAL HERITAGE DIVISION)

# NDDBLGWD -NDDB clipped to the corridor area. Unlike the CA wide NDDB this .
coverage has all the RareFind data directly associated with the arc coverage making it
accessible to arcedit, arcplot and arcview. (CAF&G/NATURAL HERITAGE
DIVISION/TRA)

The following coverages contain parcel data. Each is numbered with the county
assessor book reference code. A map showing the locations of each these book numbers is
in the ddf. The assessor’s code includes contract (4242) and noncontract (4343) duck clubs,
however this information is only available through the INFO datafile PINFO for all but the
corridor focus area. The corridor focus area (PARCORR) has all assomated code
information embedded into it directly.

# PARCORR parcels in the corridor focus area, information from the INFO file PINFO,
which can be accessed through TABLES, is already embedded in this coverage further work
should include eliminating unneccesary code item in the pat (TRA/MDSS)
PAR20 (MDSS)
PAR25 (MDSS)
PAR26 (MDSS)
PAR40 (MDSS)
PAR45 (MDSS)
PAR49 (MDSS).
PARS54 (MDSS)
'PARSS5 (MDSS)
PARS6 (MDSS)
PARS9 (MDSS)
PAR63 (MDSS)
PARG64SP - a coverage that refused to be transformed to utm (MDSS)
PARG6S5 (MDSS)
PARG6 (MDSS)
PAR70 (MDSS)
PAR73 (MDSS)
PAR74 (MDSS)
PAR75 (MDSS)
PAR78 (MDSS)
PARS&1 (MDSS)
PARS2 (MDSS)
PAR83 (MDSS)
PARB4 (MDSS)
- PARS85 (MDSS)
PAR86 (MDSS)
PAR&8 (MDSS)
- PARS&9 (MDSS)

PARSO (MDSS)
PARCELSSP - Not transferred to utm, it is an appended file that shows all the arcs in all

. parcel coverages but has no associated information. (MDSS)
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# RESE -Reservoirs on the east side of the county(MDSS)

# RESW -Reservoirs on the west side of the county(MDSS)

# RIVERS - and creeks for the whole county, INFO file include names (item = HI.NAME)
MDSS)

# SEWERS -shows the sewage ponds for each of the municipalities (MDSS)

# SPHERES -sphere of influence for each city (MDSS) '

T4334GRAS -an arc/info coverage of the thematic mapper data classified to identify
waterfowl habitat. We do not have a good remap table for it yet. The remap table
(classlst.rmp) we were sent is not in a readily readable arc/info format. (DU)
T4334GRAS.GIS - an erdas image that shows the 7 waterfowl habitat types in false color and
other landuse in straight red/blue/green TM bands. To use it as a base map give the
-command >image t4334gras.gis (DU) _

# TOPO15 - outlines of USGS 15’ quads for the county (MDSS)

# TOPO75 -outline of USGS 7.5° quads for the county(MDSS)

# WETLAND - the 1977 National Wetland Inventory data. we have updated 1983 data from
DU in /home/Igwd/temp/lisy listed by quad name. They did not send us annotation data,
. when Barbara comes back from Alaska she will correct this.(MDSS)
# WETPOINTS - annotation data for each of the above wetland polygons. (MDSS)

The computer directory listings are also documented in the Data Dictionary.

/home/lgwd/tape2
. 8is1% Is -1
total 152
drwxr-xr-x 2 Igwd staff 512 Nov 8 03:38 1.map
drwxr-xr-x 2 lgwd staff 512 Nov 7 19:30 annex

drwxr-xr-x 2 lgwd staff 1024 Nov 7 19:33 aroads
drwxr-xr-x -2 Igwd staff 512 Nov 7 19:30 book428
drwxr-xr-x 2 Igwd staff 512 Nov 7 19:31 census90
drwxr-xr-x 2 Igwd staff - 512 Nov 7 19:31 genplan
drwxr-xr-x 2 Igwd staff 512 Nov 7 19:31 ggp
drwxr-xr-x 2 lgwd staff 512 Nov 7 19:32 glanduse
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:32 gridpopsp
drwxr-xr-x 21lgwd  staff 7680 Nov 8 02:52 info -
drwxr-xr-x 2 lgwd staff 512 Nov 7 19:32 Ibdiff
drwxr-xr-x 2 1gwd  staff 512 Nov 7 19:33 Ibgp%4
drwxr-xr-x 2 lgwd ° staff 512 Nov 7 19:33 line
-Tw-r--r-- 1lgwd  staff 5993 Nov 8 03:39 log
drwxrxr-x 2lgwd = staff = 512 Nov 7 19:33 Iu90
drwxr-xr-x 2lgwd  staff 512 Nov 7 19:32 ludwr

- drwxr-xr-x 2 lgwd staff 512 Nov 8 02:50 ludwrces
drwxr-xr-x 2 lgwd staff 512 Nov 8 02:50 ludwrdp
drwxr-xr-x 2 lgwd  staff 512 Nov 8 02:51 ludwrdr

drwxr-xr-x 2 1lgwd  staff 512 Nov 8 02:51 ludwri
drwxr-xr-x 2 lgwd staff 512 Nov 8 02:47 Iudwrlb
drwxr-xr-x 2 Igwd staff 512 Nov 8 02:48 ludwrsl
drwxr-xr-x 2 lgwd staff 512 Nov 8 02:52 ludwrv
drwxr-xr-x 2 lgwd staff 512 Nov 7 19:33 lulb
drwxr-xr-x . 2 lgwd staff 1024 Nov 7 19:33 mroads?

drwxr-xr-x 2 1gwd  staff 512 Nov 7 19:33 nopclip
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drwxr-xr-x 2 lgwd  staff | 512 Nov 7 19:33 par20
drwxr-xr-x 2 1gwd  staff = 512 Nov 7 19:33 par25
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:33 par26

drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:33 par40
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:33 par4d -
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:33 par49
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:33 par34
drwxr-xr-x 2 lgwd  staff = 512 Nov 7 19:33 pars5
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:33 par36
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:33 par59
drwxr-xr-x 2 lgwd  staff ~ 512 Nov 7 19:34 pard9sp
drwxr-xr-x 2 1gwd  staff - 512 Nov 7 19:34 par63
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:34 par64
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:34 par64sp
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:34 par65
drwxr-xr-x 2 1gwd  staff - 512 Nov 7 19:34 par66
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:34 par70
drwxr-xr-x 2 lgwd  staff 512 Nov 7.19:34 par73
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:34 par74
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:34 par75
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:34 par78
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:34 par81
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:34 par82
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:34 par83
drwxr-xr-x 2 lgwd  staff - 512 Nov 7 19:34 par84
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:34 par85
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:34 par86
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:34 par88
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:35 par89
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:35 par90-
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:35 parcorr
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:35 sewers
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:35 topol5
drwxr-xr-x 2 lgwd  staff 512 Nov 7 19:35 topo75
drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:36 wetland

drwxr-xr-x 2 Igwd  staff 512 Nov 7 19:36 wetpoints
/home/lgwd

gis1% Is -1

total 214

drwxr-xr-x 2 lgwd  staff 512 Oct 11 16:05 ainterest
drwxr-xr-x 2 lgwd  staff 2048 Nov 7 15:36 amls
drwxr-xr-x 2 lgwd  staff 512 Oct 11 16:05 annex

drwxr-xr-x 2 lgwd : staff 512 Oct 14 17:31 close
drwxr-xr-x 2 lgwd  staff 512 Oct 11 16:05 gwmabndstxt
drwxrwxrwx 2 root  other 16384 Nov 802:14 info

-rwxrwxrwx 1 13102 20 61277 Nov 7 23:53 log
drwxr-xr-x 2 lgwd  staff 512 Oct 11 16:05 mapl
-rw-r~-1-- 1 lgwd staff 519 Oct 24 14:00 newcshrc2
~-Tw-r--1-- 1 Igwd staff 527 Oct 24 14:00 newcshrc2%

drwxr-xr-x 2 lgwd  staff 512 Oct 11 16:05 nop2.ps

. 74
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“TW-r-r-- 1lgwd  staff 287 Aug 30 06:03 offmaps
-Iw-r--1-- 1 lgwd  staff 264 Aug 30 06:03 offmaps %
-Iwxrwxrwx 1 lgwd staff 373 Jul 15 21:37 oldcshrel
drwxr-xr-x 2 Igwd  staff 512 Oct 11 16:05 page
drwxr-xr-x 46 lgwd staff 2048 Nov 8 08:21 show
drwxr-xr-x 63 Igwd  staff 1536 Nov 8 03:39 tape2
drwxr-xr-x 3 lgwd staff 512 Nov 1 17:00 temp
-Tw-r--r-- 1 lgwd  staff 2998 Jul 20 15:02 toprint
Tw-r-r-- 1lgwd  staff 2963 Jul 20 15:02 toprint%
drwxr-xr-x 2 1gwd  staff = 1536 Nov 8 08:30 txt
drwxr-xr-x 3 lgwd  staff 512 Jul 21 15:38 utm

-Iw-r--r-- 1 lgwd  staff 936 Aug 12 13:15 wetnames
-Iw-r-—-r-- 1 lgwd  staff 124 Aug 12 13:15 wetnamex
/home/Igwd/show

- gis1% Is -1

total 45074

drwxr-xr-x 2 lgwd staff . 512 Nov 803:43 1.map
Tw-r--r-- 1lgwd  staff 11559894 Nov 8 08:21 1.ps
-Iw-r--r-- 1 lgwd  staff 2073 Nov 1 17:06 lintro.aml
-Iw-1--r-- 1 lgwd . staff 7649 Nov 8 01:25 1present.aml
-Iw-r--r-- 1 lgwd  staff 7654 Nov 8 01:25 1present.aml%
-Iw-r--r-- 1 lgwd - staff 2578 Nov 8 03:16 2image.aml
-TW-I--r-- 1 lgwd  staff 2564 Nov 8 03:16 2image.aml%
-TW-r--1-- 1 lgwd  staff 2563 Nov 8 03:21 3close.aml -
-IW-1--r-- 1 lgwd  staff 2418 Nov 8 03:21 3close.aml %
-w-I--r— 1lgwd  staff 1657 Nov 8 00:02 4shorebird.aml
-rw-r--r-—- 1 lgwd staff 1641 Nov 8 00:02 4shorebird.aml%
-Iw-1--r-- 1 1gwd  staff 2088 Nov 8 03:27 5mapfly.aml
-Tw-r--r-- 1 lgwd  staff 2023 Nov 8 03:27 5mapfly.aml%
-Tw-1--r-- . 1 lgwd  staff 1746 Nov 8 00:07 5prat.aml
-Iw-r--r-- 1 lgwd  staff 1747 Nov 8 00:07 5prnt.aml %
drwxr-xr-x 2 lgwd  staff 512 Nov 8 01:49 5prnt.map
“IW-I--r-- 1lgwd  staff 2181770 Nov 8 01:53 5prat.ps
-rw-r--r-- 1 lgwd staff 1534 Nov 8 03:29 6nddb.aml
-Tw-r--r-- 11Igwd  staff - 1545 Nov 8 03:29 6nddb.aml%
-TW-1--1-~ 1 lgwd  staff 574 Nov 8 00:30 6prnt.aml
-rw-r--1-- 1 1gwd  staff 574 Nov 8 00:30 6prnt.aml%
drwxr-xr-x 2 Igwd staff 512 Nov 8 01:49 6prat.map -
“Tw-r--r--  1lgwd  staff = 207930 Nov ‘8 01:54 6prnt.ps
-tw-1--1-- 1 lgwd  staff 1926 Nov 1 17:08 7lbgp.aml
-Iw-r--1-- 1 lgwd  staff 393 Nov 8 00:49 7prt.aml
“Iw-r--r—- 1lgwd  staff - 424 Nov 8 00:49 7prnt.aml%
drwxr-xr-x 2 lgwd staff 512 Nov 8 01:49 7praut.map
-IwW-r-—-1-- 1 lgwd staff 1539716 Nov 8 .01:55 7prnt.ps
-Iw-r--r-- 1 lgwd staff 1874 Nov 1 17:08 8biosph.aml
-Iw-r--r-- 1 lgwd staff 1057 Nov 8 01:10 8prnt.aml
-IW-T--1-- 1 lgwd staff 1037 Nov 8 01:05 8prnt.aml%
drwxr-xr-x 2 lgwd  staff 1024 Nov 8 01:48 8prnt.map
-Iw-1--r-- 1 lgwd - staff 2154819 Nov 8 01:59 Sprat.ps -
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-TW-r--r-- 1 lgwd
-Tw-r--r-- 1 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 Igwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 Igwd
drwxr-xr-x 2 Igwd

drwxr-xr-x 2 lgwd-

drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd

drwxr-xr-x 2 Igwd

drwxr-xr-x 2 Igwd
drwxr-xr-x 2 Igwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
-Iw-r--r-- 1 lgwd
drwxr-xr-x 2 lgwd
- drwxr-xr-x 2 lgwd
TW-r--r-- 1 lgwd
drwxr-xr-x 2 Igwd
-Tw-r--r-- 1 lgwd
drwxr-xr-x 2 Igwd
-r'w-r--r-- 1 lgwd
~-Tw-r--r-—- 1 lgwd
-Tw-r--1-- 1 lgwd
-rw-r-—-r-- 1 lgwd
Tw-r—-1-- 1 Igwd
-TW-r-—-r-- 1 lgwd
-Tw-r--r-- 1 lgwd
-TwW-r—-1-- 1 lgwd
o Tw-r--r-- 1 lgwd
- -Tw-r--1-- 1 lgwd
-Tw-r--r-—- 1 lgwd
-rw-r--r-- 1 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 Igwd
drwxr-xr-x 2 lgwd
drwxr-xr-x 2 lgwd
-rw-r--r-- 1 lgwd
drwxr-xr-x 2 lgwd
-TW-r--1—- 1 lgwd
-rw-r--r-- 1 lgwd

staff

staff
staff
staff
staff
staff

staff

staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff .
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff
staff

1052 Nov 8 01:26 8sph.aml .
1039 Nov 8 01:26 8sph.aml%

512 Nov
512 Nov
2048 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512 Nov
512°'Nov
512 Nov
512 Nov
1794898 Nov

7 19:26 aimpact

7 19:24 ainterest

8 01:00 amis

7 19:26 canals

7 23:59 close.map
7 19:26 county

7 19:26 flyloc

7 19:26 gp%4lb

7 19:26 gwd

7 19:27 gwdone

7 19:26 gwma

7 19:26 gwmabnds
7 19:26 gwmabndstxt
7 19:27 gwmaone
7 19:26 gwmasa
7 19:26 gwmasph
7 19:26 hth

7 19:26 hyd100k

8 02:00 image.map
8 02:00 image.ps

4608 Nov 7 19:24 info

512 Nov
224877 Nov
512 Nov
206810 Nov
. 512 Nov
228579 Nov
197570 Nov
212565 Nov
164399 Nov
254796 Nov
177136 Nov
206385 Nov

222554 Nov

233622 Nov
191703 Nov
189434 Nov

8 01:48 intro.map

8 01:50 intro.ps
8'01:49 Ibgp.map

8 01:52 Ibgp.ps

7 19:26 1bgp90

1 17:01 1gwd-pOL1.tif
1 17:01 lgwd-p02.tif

1 17:01 1gwd-p03.tif -
1 17:01 1gwd-pO4.tif

1 17:01 1gwd-p05.tif
1 17:01 1gwd-p06.tif
1 17:01 1gwd-p07.tif
1 17:01 Igwd-p08.tif
1 17:01 1gwd-p09.tif
1 17:01 1gwd-p10.tif
1 17:01 lgwd-p11.tif

3349 Nov 8 08:21 log
512 Nov 7 19:26 u90corr

512 Nov 8 01:49 mapﬂy.fnap

512 Nov 7 19:26 mrnames
1024 Nov 7 19:26 mroads
512 Nov 7 19:26 muni90lb
512 Nov 8 01:49 nddb.map

364788 Nov

8 01:51 nddb.ps

512 Nov 7 19:26 nddbshow
431 Nov 8 01:48 prot.aml
438 Nov' 8 01:48 prat.aml%

p.
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drwxr-xr-x 2 lgwd  staff
drwxr-xr-x 2 lgwd  staff
drwxr-xr-x 2 lgwd  staff
drwxr-xr-x 2 lgwd  staff
drwxr-xr-x 2 Igwd  staff
-Tw-r--r-- 1 lgwd  staff
drwxr-xr-x 2 lgwd  staff
drwxr-xr-x 2 1Igwd  staff .
drwxr-xr-x 2 lgwd  staff
drwxr-xr-x 2 lgwd  staff

gis1 % pwd

/home/lgwd/txt

gisl % 1s -1

total] 1118

-IW-r--r-- 1 lgwd  staff
-tw-T--r-- 1 1gwd  staff
-Iwxrwxrwx 1 Igwd  staff
~-IW-1--r-- 1 lgwd  staff
- -Iw-r--r-- 1 lgwd  staff
-Iw-r--r-- 1 lgwd  staff
-w-r—-1-- 1 lgwd  staff
-rw-r-—-1-- 1 lgwd  staff
-rw-r—-r-- 1 lgwd  staff
-TwW-r-—-r-- 1 lgwd staff
-rw-r--r-- 1 lgwd staff
-rw-r--r—- 1 Igwd  staff
-rw-r--1-- 1 lgwd  staff
-rw-r-—-1-- 1 lgwd  staff
-rw-r-1-- 1 lgwd  staff
-IWXIwxr-Xx 1 root  other
-Iw-r--r-- 1 lgwd  staff
-rw-r-r-- 1 lgwd  staff
-rw-r--r-- 1 lgwd  staff
-Tw-r—1-- -1 1lgwd  staff
-tw-r--r-- 1 lgwd  staff
-TW-r--1-- 1 lgwd  staff
-rw-r--r-- 1 lgwd  staff
-rw-r-—-r—- 1 lgwd  staff
-rw-r--r-- 1 lgwd  staff
-rw-r--r-- 1 lgwd  staff
-rw-r--r-- 1 1lgwd  staff
-rw-r--1-- 1 lgwd  staff
-rw-r--r—- 1lgwd  staff
-IW-r--r-- 1 lgwd  staff
-tw-r-r-- 1 lgwd  staff
~Iw-r--r-- 1 lgwd  staff
-rw-r--r-- 1 lgwd staff
-rwxrwxrwx 1 lgwd staff

512 Nov 7 19:26 public
512 Nov 7 19:26 rese

512 Nov 7 19:26 resw

512 Nov 7 19:26 rivers
512 Nov 7 19:26 roadsgp%4

163066 Nov 8 01:50 shbrd.ps

512 Nov 7 19:26 shorebird

512 Nov 8 01:48 shorebird.map
512 Nov 7 19:26 spheres

512 Nov 7 19:26 t4334

735 Nov '8 09:32 ldraw.aml
732 Nov 8 09:32 1draw.aml%
293 Jul 17 12:07 arcprbl.txt

28530 Aug 15 11:21 chronlgwd.txt
37666 Aug 15 11:21 chronlgwd.txt%

585 Aug 12 13:36 chronmap.txt
348 Sep 2 13:03 conversions.txt
307 Sep 2 13:03 conversions.txt%
5480 Nov 8 08:30 covdoc.dos . -
5365 Nov 8 03:32 covdoc.txt
5374 Nov 8 03:32 covdoc.txt%
396 Jul 26 00:59 covlst.txt
396 Jul 26 00:58 covlst.txt%
5743 Jul 22 18:47 doc.txt
3086 Jul 26 02:06 hanson.txt
26030 Jul 15 12:02 hplaserd. txt
15587 Aug 16 10:36 hydtext
3169 Jul 26 02:06 1gwd0723.txt%
2331 Nov 7 18:21 lgwdnddb.ami
869 Nov 7 18:29 Igwdnddb2.aml
2331 Nov 7 18:29 lgwdnddb2.aml%
3016 Aug 18 19:54 memo0816.txt
2436 Aug 18 19:54 memo0816.txt%
16548 Jun 10 11:41 nddb.txt
10750 Aug 29 12:56 nddbAAT
2151 Aug 29 13:04 nddbcheck
3797 Aug 29 13:01 nddbfix
3827 Aug 29 13:01 nddbfix %
1929 Aug 29 12:24 nddbfix2
3827 Aug 29 12:24 nddbfix2 %
2487 Aug 29 12:48 nddbfix3
2521 Aug 29 12:47 nddbfix3 %
15821 Aug 29 13:03 nddbpat
1103 Jul 17 12:07 problems
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TWXIwxrwx  1lgwd  staff 1102 Jul 17 12:07 problems %
-TW-r--r-- 1lgwd  staff 453 Aug 29 10:44 publicpat.aml
IW-r--r-- 1lgwd  staff 5253 Aug 29 13:52 templgwd.txt
-TW-r--r-- 1 lgwd  staff 5252 Aug 29 13:52 templgwd.txt%
-TW-r--r-- 1 lgwd  staff 2074 Nov 8 02:40 topmr.txt
-Tw-r--r-- 1 lgwd  staff 10941 Oct 25 12:13 topnntdir
-IW-r--r-- 1lgwd  staff 8553 Oct 25 12:13 topnntdir%
TW-r--r-—- llgwd  staff = 140847 Oct 25 11:34 topnntfilelist
-IW-T--1-- 1 lgwd  staff 99415 Oct 25 11:34 topnntfilelist %
-Iw-r--r-- 1lgwd  staff 1179 Aug 26 16:15 toprint
-IW-r--r-- 1 lgwd  staff 2500 Aug 16 11:22 toprintlgwd. txt
-TW-r--r-- 1 lgwd  staff 4224 Nov 3 09:19 tosend.txt
Iw-r--r—- 1lgwd  staff 4196 Nov 3 09:19 tosend.txt%
-Iw-r--r-- 1 lgwd  staff 12676 Aug 16 10:35 wmatext

gis1% pwd
/home/ lcrwd/temp/hsy (Wetland coverages prov1ded by DU)
gis1% 1s -1
total 62 .
drwxr-xr-x 2 lgwd  staff 512 Sep 28 13:28 arena
drwxr-xr-x 2 lgwd  staff 512 Sep 28 13:28 arena-a
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 atwate
drwxr-xr-x 2 Igwd staff 512 Sep 28 13:28 atwate-a
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:27 charle
drwxr-xr-x 2 lgwd  staff 512 Sep 28 13:27 charle-a
drwxr-xr-x 2 1gwd  staff - 512 Sep 28 13:28 deltar
drwxr-xr-x 2 lgwd  staff 512 Sep 28 13:28 deltar-a
drwxr-xr-x 2 lgwd ~ staff 512 Sep 28 13:28 dospal
drwxr-xr-x 2 1gwd  staff =~ 512 Sep 28 13:28 dospal-a
drwxr-xr-x 2 Igwd staff 512 Sep 28 13:28 elnido
drwxr-xr-x 2 1gwd = staff 512 Sep 28 13:28 elnido-a
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 gustin
drwxr-xr-x 2 Igwd staff 512 Sep 28 13:28 gustin-a
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 ingoma
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 ingoma-a
-Tw-r--r-- 11gwd  staff 81 Nov 802:101og
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 losban
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 losban-a
drwxr-xr-x 2 lgwd  staff 512 Sep 28 13:28 newman
drwxr-xr-x. 2 Igwd staff 512 Sep 28 13:28 newman-a
drwxr-xr-x 2 Igwd staff 512 Sep 28 13:28 sandym
drwxr-xr-x 2 Igwd staff 512 Sep 28 13:28 sandym-a
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 sanluir
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 sanluir-a_
drwxr-xr-x 2 lgwd staff - 512 Sep 28 13:28 stevin

drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 stevin-a
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 turner
drwxr-xr-x 2 lgwd staff 512 Sep 28 13:28 turner-a

drwxr-xr-x 2 lgwd staff . 512 Sep 28 13:28 volta

| S AT Ka ta tad ~ -
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drwxr-xr-x 2 lgwd  staff 512 Sep 28 13:28 volta-a
/home/lgwd/amls

gisl % l1s -1

total 332 : v

Tw-r--r— 1 lgwd  staff 2097 Nov 7 21:46 lintro.aml
-TW-r--1-- 1 lgwd  staff 2095 Nov 7 21:46 lintro.aml%
-TW-r--1-- 1 lgwd  staff 7241 Nov 7 21:30 1present.aml
-Tw-r--r-- 1 lgwd  staff 7240 Nov 7 21:30 1present.aml%
-IW-r--r-- 1 lgwd  staff 2325 Nov 1 13:16 2image.aml
IW-r--r-- 1 lgwd  staff 2321 Nov 1 13:16 2image.aml%
-TW-r--1-- 1 lgwd  staff 3352 Oct 3 11:12 2present.aml
-tw-r--1— 1 lgwd  staff 3352 Oct -3 11:12 2present.aml%
-Tw-r--r-- 1 lgwd  staff - 276 Aug 19 18:31 2tlprecision2.aml
~Iw-r--r-- 1 Igwd  staff - 842 Aug 19 18:31 2t1precision2.aml%
-TW-r--1-- 1 lgwd  staff 1352 Aug 19 16:30 2tolprecision
C-IW-r—-r-- 1 Igwd  staff 842 Aug 19 16:30 2tolprecision%
-Iw-r-—-r— 1 lgwd  staff - 842 Aug 19 16:23 2tolprecision.aml
-IW-r--1-- 1 lgwd  staff 2418 Oct 4 11:34 3close.aml
-Tw-r--r-- 1 lgwd  staff 2809 Oct 4 11:34 3close.aml%
-Tw-r--r-- 1 lgwd - staff 1641 Oct 13 17:42 4shorebird.aml
-Tw-r--r-- 1 Igwd  staff 1614 Oct 13 17:42 4shorebird.aml%
-Iw-r--r-- 1 lgwd  staff 1776 Oct 4 13:03 5mapfly.aml
-TW-r--r-- 1 lgwd  staff 1776 Oct 4 13:03 5mapfly.aml%
-TW-r--r-- 1 lgwd  staff 1545 Oct 4:14:10 6nddb.aml
-IW-r--r-- 1 lgwd  staff 1629 Oct 4 14:10 6nddb.aml %
ITw-r--r-- 1 lgwd - staff 1926 Nov 1 13:10 7lbgp.aml
-IwW-r--r-- 1 lgwd  staff 765 Nov 1 13:10 7lbgp.aml%
-Iw-r--r-- 1 lgwd  staff 1874 Nov 1 14:41 8biosph.aml]

-rtw-r--r-- 1 Igwd  staff 1874 Nov 1 14:41 8biosph.aml%
-rw-r--r—- 1 lgwd  staff 1963 Nov 7 15:39 8biospha.aml
-Iw-r--r-- 1 lgwd  staff - 1926 Nov 7 15:39 8biospha.aml%
-IW-r--r-- 1 lgwd  staff 1881 Nov 1 14:14 8sphere.aml
-rw-r--r-- 1 lgwd  staff 1153 Nov 1 14:14 8sphere.aml%
-twxrwxrwx 1 13108  staff 66 Jun 15 09:50 apnrel.aml
-rw-t-T-- 1 lgwd  staff 405 Jul 25 22:18 buildl.aml
~-IW-T--1-- 1 lgwd  staff 1041 Oct 13 17:47 clear.aml
-Iw-r--r-- 1 lgwd  staff 165 Oct 13 17:47 clear.aml%
-rw-r--1-- 1 lgwd  staff 1187 Nov 1 17:10 clearif.aml
-rw-r--1-- 1 lgwd  staff 1165 Nov 1 17:10 clearif.aml %
-rwxrwxrwx 1 lgwd  staff 1091 Jul 18 14:44 copy.aml
-rwxr-xr-x  1lgwd  staff 1096 Jul 18 14:44 copy.aml%
-Irw-r--r-- 1 lgwd staff 1085 Nov 1 16:40 copy2tapel.aml
-rw-r--r-- 1 lgwd-  staff 2562 Nov 1 18:30 copy2tape2.aml
-rw-r--1-- 1 lgwd staff 2674 Nov 1 18:30 copy2tape2.aml%
-rw-r--1-- 1 lgwd staff 1697 Nov 1 16:38 copytapel.aml
-TW-r--r~- 1 Igwd  staff 1704 Nov 1 16:38 copytapel.aml%
-rw-r--1-- 11lgwd  staff 2817 Nov 1 17:41 copytape2.aml
~-TW-r--1-- 1 lgwd  staff 2817 Nov 1 17:41 copytape2.aml%
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-twr-r-- 1lgwd  swff 1316 Aug 19 19:02 export.aml
-TW-r--r-- 1lgwd  staff 1314 Aug 19 19:02 export.aml %
-Iw-r--r-- 1 lgwd  staff 1341 Jul 26 00:58 exportl.aml

-IW-r--r-- 1 lgwd  staff 271 Aug 19 19:21 export2.arnl
-Iw-r--r-- 1 lgwd  staff 350 Aug 19 19:21 export2.aml%
-rwxrwxrwx 113102 20 1911 May 19 09:10 flyloc.aml
-twxrwxrwx 113102 20 1760 May 19 09:10 flyloc.aml%

-tw-r--r-- 1 lgwd  staff 648 Sep 28 11:09 heading.aml
-tw-r--r-- 1 lgwd  staff 756 Sep 28 11:09 heading.aml %
-Iw-r--r-- 1 root  other 361 Sep 27 18:14 intro.aml
-tw-r--r-- 1 lgwd  staff 361 Sep 28 11:07 intro.aml%
-IWw-r--r-- 1 lgwd  staff 3441 Sep 30 16:44 introl.aml%
-IW-r--r-- 11gwd  staff 527 Oct 11 13:28 kill1011
-IW-r--r-- 1 1lgwd  staff 527 Oct 11 13:28 kill1011.aml
-Iw-r--r-- 1 lgwd  staff 1397 Sep 28 11:18 lgwdprsnt.aml
-Iw-r--r-- 1 lgwd  staff 1130 Sep 28 11:18 lgwdprsnt.am!%
-IW-r--r-- 1 1lgwd  staff 816 Aug 15 12:33 lutxt.aml
-Iw-r--r-- 1 lgwd  staff 847 Aug 15 12:33 lutxt.aml%
-Iw-r--r-- 1 lgwd  staff 534 Aug 12 15:33 nddbsym.amt

-rw-r--r-- 1 lgwd  staff 843 Aug 12 15:33 nddbsym.aml %
-rw-r-r-- 1 lgwd . staff 295 Aug 15 20:46 parcorriu.aml -
-rw-r--r-- 1 lgwd  staff 286 Aug 15 20:46 parcorriu.aml %
-rw-r—-r-- 1 lgwd  staff 3310 Sep 30 18:01 present.aml
-IW-r--r-- 1 lgwd  staff 3306 Sep 30 18:01 present.aml%
-rw-r--r-- 1 lgwd  staff 261 Aug 19 18:57 rename.aml
-rw-r—-r-- 1 lgwd  staff 363 Aug 19 18:57 réname.aml%
-rw-r--r-- 1 lgwd  staff 948 Jul 24 14:32 renamel.aml
-rw-r--r-- 1 lgwd  staff 1104 Jul 24 14:32 renamel.aml%
-Iw-r--r-- 1 lgwd  staff 22 Aug 28 12:36 rmvmaps.aml
-rw-r--r-- 1 lgwd  staff 45 Aug 28 12:36 rmvmaps.aml%
-Tw-r--r-- 1 lgwd  staff 128 Nov 1 12:00 sp_utm.prj
-rw-r--r-- 1 1lgwd  staff 106 Nov 1 12:00 sp_utm.prj%
-rw-r--r-- 1 lgwd  staff 1273 Aug 19 18:58 u2dscr
-tw-r--r-- 1 lgwd  staff 1273 Aug 19 18:58 u2dscr%
-Iw-r--r-- 1 Igwd  staff 2620 Jul 23 16:59 utm.aml
-rw-r--r-- 1 lgwd  staff 2677 Jul 23 16:59 utm.aml %
-rw-r--r-- 1 lgwd  staff 663 Jul 23 18:05 utm2.aml

/home/lgwd/tape2/ludwr

gis1% 1s -1

total 11716

lgwd  staff 126304 Jul 22 14:25 1u3828.e00

-IW-T--T-- g .
-ITW-T--I-- lgwd  staff = 303813 Jul 22 14:26 1u3829.e00
-rw-r--r--. 1 lgwd  staff = 242076 Jul 22 14:26 1u3830.e00

-IW-T--T-- Igwd staff 906203 Jul 22 14:27 1u3832.e00
-IW-I--T~- lgwd staff = 192711 Jul 22 14:28 1u3929.e00
-tw-r—-r-- 1 lgwd  staff = 150142 Jul 22 14:28 1u3930.€00

1
1
1
-rw-r--r-- 1 lgwd staff =~ 427243 Jul 22 14:26 1u3831.e00
1
1
1
-rw-r-—-r-- 1 lgwd  staff 308194 Jul 22 14:28 1u3932.e00
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-TW-r--r-- 1 lgwd  staff:
-IW-r--r-- - 1 lgwd  staff
-Iw-r--r-- 1 lgwd  staff
-Iw-r--r-- 1 Igwd  staff
-Tw-r--r-- 1 lgwd  staff
-Tw-r--r-- 1 lgwd  staff
-TW-r--r-- 1 lgwd  staff

679852 Jul 22 14:29 113933.e00
538810 Jul 22 14:29 1u4029.e00
557514 Jul 22 14:29 1u4030.e00
729274 Jul 22 14:30 u4031.e00
287119 Jul 22 14:31 1u4130.e00
363610 Jul 22 14:31 1u4131.e00
1938 Jul 22 14:32 reidlanduse.list
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The USFWS map showing detailed info (regarding irrigation, shcedules, locations of

ditches, etc) for all conservation easement properties remains in its DOS-AutoCAD format.
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AML (ARC Macro Language) Scripts to generate maps for presentation.

/*
/* -
/*  Program: lintro.aml

/*  Purpose: Create introl.map a duplicate of the first map,
/* intro.aml, created by the present.aml script.

/* It shows the geographical relationships between the
/* gwma and the cities surrounding it.

/*
/¥
/*  Inputs:

/*  Outputs: screen output
/* ‘ graphics file

/ *
/*.
/*
/*  History: 8/94 original coding, recoded 9/94 after erasure and
/* backup recovery failure.

%
;
/*
/*.
/*
&echo &on

- &r offmaps
/*intro.map
/*image.map
/*shorebird.map
/*pblnds.map
/*nddb.map
/*Ibgp.map
/*Iglu.map
/*flymap.map
/*sph.map

imageview create tifvert size canvas 540 900 position 600 O
imageview create tifhori size canvas 1200 768 position ul
&pause
/* intro.map begins the presentation by locating the geographical

- /* relationships between the gwma and the cities surrounding it.

map lintro.map '

mape gwmasa

lineset carto.lin

linesym 103

linecolor 3
arcs gwma
LINE 8.81.89.12.39.41.8 9.72.3
TEXTSIZE .3 .3
TEXTSET FONT.TXT
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TEXTSYM 9
MOVE 9.9 2.1

TEXT *GRASSLAND WILDLIFE®

MOVE 9.9 1.8

TEXT '"MANAGEMENT AREA’

linesym 201
arcs mroads
linesym 102
linecolor 7
arcs muni
textset font.txt
textsym 3
textsize .194 .194
move 5.6 3.4
text ' HWY 152°
textsize .15 .15
move 3.6 4.2
text ' HENRY MILLER ROAD’
textsize .15 .15
move 2.6 8.5
text "THWY 140°
textsym 21
textsize .3 .3
- move 6.95 1.65
_text *Dos Palos’
move 10 8.5
text "Merced’
move 2.5 2.9
-text Los Banos’
move 1.7 7.2
text *Gustine’
lineset carto.lin
linesym 103
/*units map

/*line 727182 4090503 744884.94 4090503

/*text °5 MILES’
map end
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/*
/*
/*
/¥
/¥
/*®
/¥
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/¥
/*
/*
/*
/*
/*
/*
/¥
/*
/¥

- GRASSLAND WATER DISTRICT LAND PLANNING GUIDANCE STUDY

Program: 2image.aml
Purpose: Display a color enhanced satellite view showing a

regional view of the landscape. -Discuss two of the

most important principles of conservation biology:

AVOID FRAGMENTING HABITAT AND KEEP LINKS BETWEEN
HABITAT PATCHES. '
Points to be made within the context of Conservation
Biology are A) two major blocks of wetland habitat

exist, one to the north and another to the south.

These areas are identified by the enhanced colors

blue = open water magenta = growing emergent vegetation,
green = turbid water yellow = rice fields. B) There

is a natural corridor between the two areas, to the

east of Los Banos, that provides a landscape linkage
between them. c¢) This linkage is extremely important,

it connects two areas of high biotic resource, greatly
enhancing both of the biotic potential of each area.

Outputs: screen output

graphics file

" History: 8/94 original coding, recoded 9/94 after erasure and

backup recovery failure.

/*

mape gwimasa
image /home/lgwd/temp/t4334/t4334gras. gis
mape gwmasa

lineset carto.lin

linesym 103
linecolor 3
arcs gwma
units page
linesym 201
arcs mroads
linesym 102
linecolor 7

arcs muni94lb
textset font.txt

textsym 3
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textsize .194 .194

units page

move 5.6 3.4

text 'HWY 152°

textsize .15 .15

move 3.6 4.2

text ' HENRY MILLER ROAD’
textsize .15 .15

move 2.6 8.5

- text 'HWY 140°

textsize .4 .4

textsym 21

move 6.95 1.75

text 'Dos Palos’.

move 10 8.5

text 'Merced’

move 2.5 2.9.

text 'Los Banos’

move 0.677 6.95

text ’Gustine’

- units map

linesym 104

box 720521.55 4088840.828 728568. 285 4088840. 828
move 721571.787 4086970.478
text °5 MILES’ '

msel 234567891011 1213
mdel '

linecolor 5

arcs gwd
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/*
/*
/¥
/*
/%
/*
/*
/¥
/*
/*
I*
/*
/*
/*
/*
/%
/¥
/¥
/*
/*
/¥
WA
/*
/¥
/*
/¥
/*
/¥
/*
/¥
/*
/¥
/¥
/*
/¥
[*
/*
/¥

Program: 3close.aml
Purpose: To bring familiar photographic views of the landscape

into close association with the satellite view by
displaying a closeup of the a color enhanced
satellite view (2image.map) and while toggling
between the satellite view of the area and the
relatively familiar photo views of the area.

Notes:

Discussion with photos can include:
a) lgwd-p01.tif - the old Pajaro Vista site with the
fish ponds in the lower left next to HWY 152 and the

~ reservoir below the sewage ponds(not vxslble) on edge

of Santa Fe Grade.

- b) Igwd-p02.tif - the sewage ponds in the background

and the latest development in the foreground. To
the east is more agritulture and wetland area.

c) lgwd-p06.tif - Klamath duck club, northeast

of the sewage ponds (in background), is optimum
waterfowl habitat.

d) 1gwd-p10.tif - Open water hab1tat with emercent
marsh.

e) lgwd-p11.tif - Vast stretehes of emergent fresh
water marsh. Segue into multispecies management
requirements (GGS)

Inputs

Outputs: screen output

graphics file

History:' 8/94 original coding, recoded 9/94 after erasure and

backup recovery failure.

/*

map- close.map

imageview create tifvert size canvas 540 900 position 600 0
imageview create tifhori size canvas 1200 750 position ul
mape 688806.026 4108999.047 699751.038 4100824.923
image /home/lgwd/temp/t4a34/t43340ras gis

arcs mroads
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textsize .194 .194

move 5.6 3.4

text 'HWY 152

textsize .15 .15

move 3.6 4.2

text "HENRY MILLER ROAD’
textsize .15 .15

imageview Igwd-p01.tif # # tifhori
&tty

imageview lgwd-p02.tif # # tifvert
&tty

imageview 1gwd-p06.tif # # tifhori -
&ty -

imageview lgwd-p10.tif # # tifhori
&tty

imageview lgwd-p11.tif # # tifhori
map .end '

&ty

p-
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/¥
/*
/*  Program: 4shorebird.aml
/*  Purpose: Show relative shorebird chver51ty of the grassland
/* area.
/¥
/* : : :
/*  Notes: Two focal areas of high diversity are centered
/% within each of the two wetland areas.
/* To the east of Los Banos is a contiguious stretch
/* of medium diversity linking the two high diversity
* patches. To the west are lower diversity areas.
[*
/*  Inputs:
/*  Qutputs: screen output
/* graphics file
/* '
/* : -
/*  History: 8/94 original coding, recoded 9/94 after erasure and
/* backup recovery failure.
/* '
/*&if [exists /home/lgwd/shorebird.map -directory] &then
/*  &do
/* &sys rm -r /home/lgwd/shorebird.map
/*  &end
/*&else
- /*&do
/*&pause
[*&end
/*&pause
mape gwmasa
units page

map shorebird.map
SHADESET CARTO.SHD
polygonsh shorebird div shorebird.lut
textset font. txt

textsym 3

TEXTSIZE .5 .5

MOVE 7.96 7.55

TEXT *SHOREBIRD DIVERSITY’
textsize .3 .3

KEYAREA 9.93 6.6 12.6 3.84
keyshade shorebird.lut info symbol text nobox
textsize .25 .25 '

move 9.36 2.55

text 'Raw data provided by

move 9.36 2.08

text "Point Reyes Bird Observatory’
map end

Ty
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/*

/*  Program: 5mapfly.aml _
/*  Purpose: Show area of pintail movement using Joe Fleskes
/* pintail flight location data

/* -

/*

/*

/*  Notes:  Two focal areas of high diversity are centered

/* within each of the two wetland areas.

/* To the east of Los Banos is a contiguious stretch
/* of medium diversity linking the two high diversity
/* patches. To the west are lower diversity areas.

/* -

/*

/*

/*  Inputs:

/*  Outputs: screen output

/* graphics file

/*

/*

/*

/*  History: 8/94 original coding, recoded 9/94 after erasure and
/* backup recovery failure. '

/*

mape gwma

map Sprnt.map

linecolor 6

arcs gwma

textsize .26 .26

lineset carto.lin

linesym 103

linecolor 7

arcs flyloc :
Iine 10.2 6.1 10.35 6.7 10.5 6.1 10.65 6.7
~move 10.8 6.24

text "Pintail flight movements’

move 10.8 5.9

“text ’on 3 hunt days, 1992’

linesym 108

linecolor 5

arcs gwd , :
line 10.2 3.6 10.35 4.2 10.5 3.6 10.65 4.2
move 10.88 3.75

text "GRASSLAND WATER’

move 11.42 3.43

text *"DISTRICT’

textsize .215 .215

move 10.88 5.5 :

text ’personal communication’

move 10.88 5.3

. 89




GRASSLAND WAT ER DISTRICT LAND PLANNING GUIDANCE STUDY D 90

text "Joe Fleskes’

move 10.88 5.1

text ’National Biological Survey’
move 10.88 4.9

text 'Dixon, CA’

arcs public

labeltext public text

map end
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/*
/*
/¥
A
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*.
/¥
/¥
/¥

Program: 6nddb.aml _
Purpose: To show the endangered, threatened and rare species

that are listed in the Natural Dlversny
Database.

Notes:  after the map is drawn, the identify command will
allow the user to query 4 keymarker points. If you
pick the point in Los Banos be aware that
there are numerous old (1931) records at that point.
The first record that will show is a yellow rail.

Inputs:

Outputs: screen output
graphics file

HistOry: coded 9/94

&sys rm -r nddb.map
map nddb.map
linesym 101
linecolor 5
arcs canals
arcs hyd100k
linecolor 2
arcs mroads
linecolor 7
arcs muni
markerset municipal.mrk

pointmarker nddbshow cname nddbshow.lut

box 10.113 9.387 13.816 0.62

textsize .17 .17

textoffset 0 -.1

keyarea 10.113 9.387 13.816 0.62

keymarker nddbshow.Iut info symbol cname nobox
- textsize .22 .22

MOVE 10.175 0.320

text ’"NATURAL DIVERSITY DATABASE 1994’
map end -
identify nddbshow point *
identify nddbshow point *
identify nddbshow point *
identify nddbshow point *

e e A
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/¥

/*

/*  Program: 7lbgp.aml

/*  Purpose: To show the planned expansion of Los Banos in light

/* of the previous information shown in the presentation

/¥ script (1present.aml).

/* ‘The landuse plan of 8/94 is incompatible with the
/*® landuse requirements of the biological resources

/* of Los Banos. An area of resource benefical use

/* and resource neutral use is identified for discussion

/* purposes (hence not included in the legend).

/*

/*

/*  notes:

/*map

/*

/*

/*

/*  Program: 8biosph.aml

/*  Purpose: ‘To show the spheres of influence for the cities
/* close to GWMA, and the one and two-mile spheres
/* of the GWMA.

/*

o

/*

/*  Inputs:

/*  Outputs: screen output

/* - graphics file

/*

/*

/* :

/*  History: 8/94 original coding, recoded 9/94 after erasure and
[* " backup recovery failure.

/*

/*

map biosph.map

mape gwmasa

image /home/lgwd/temp/t4334/t4334¢ras.gis -

shadeset color.shd

shadesym 1

units page

patch 10.09 9.5 13.92 0.04

textset font.txt

textsym 3

textcolor 0

textsize .4 .4

move 10.75 9.01

text "SPHERES OF"
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-MOVE 11 8.56

TEXT "INFLUENCE"

lineset carto.lin

texisym 3

textsize .3 .3

textcolor O

linesym 202

arcs mroads

linesym 102

linecolor 0

arcs spheres

line 10.6 7 10.75 7.6 10.9 7.0 11.05 7.6
move 11.3 7.3

text "City Spheres”

linesym 103

. linecolor 3 -

arcs gwma v
line 10.6 6 10.75 6.6 10.9 6.0 11.05 6.6
move 11.3 6.4 :

text "Grassland Wildlife"

move 11.3 6.1

text "Management Area"

linecolor 35

arcs gwd

line 10.6 5 10.75 5.6 10.9 5.0 11.05 5.6
move 11.3 5.4

text "Grassland Water”

move 11.6 5.1

~ text "District"

move. 11.3 4.4

text "GWMA 1 mile"

move 11.6 4.1

text "sphere"

linecolor 7

arcs gwimnaone

arcs gwmasa

line 10.6 4 10.75 4.6 10.9 4.0 11.05 4.6
line 10.6 3 10.75 3.6 10.9:3.0 11.05 3.6
lineset oilgas.lin :
linesym 102

linecolor 9 -

arcs gwmasa

line 10.6 3 10.75 3.6 10.9 3.0 11.05 3.6
move 11.3 3.4

text "GWMA 2 mile"

move 11.6 3.1

text "sphere”

map end
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APPENDIX C. Data Transfer/ GWD Computer Implementation.

Three basic options exist for the transfer and use of the database developed by
Thomas Reid Associates.

1. Use existing resources for map viewing and provide data tapes to researchers with
ARC/INFO or other GIS system for working with files. This option will allow you to view
and print the maps as a graphic file or import them into a graphic program (Aldus
FREEHAND, MACPAINT) for further non-geographically referenced manipulation,

Cost: minimal (floppy discs and 2-3 1/4" tape drives @ $15/tape.)

2. Acqﬁire pc ARCVIEW software from ESRI and a cd-rom and cd-rom drive, This
option allows you to view and update the datafiles.

Cost: §150 CD ROM disc (additional CD ROM’s.@ $15 - 55/disc depending on
quantity. - ,
$200-400 CD ROM disc drive
$995 ARCVIEW for pc

3. Acquire pc ARC/INFO. This optidn allows -you full manipulation of the data.

Cost: $3500
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CURRICULUM VITAE

Reed Frederick Noss, Ph.D.

Conservation Biologist ‘

Certified Senior Ecologist, Ecological Society of America
Fellow, American Association for the Advancement of Science

Office:
University of Central Fiorida
Department of Biology
4000 Central Florida Bivd.
Orlando, FL 32816-2368 _
email. noss_r@bellsouth.net PHONE: (407) 823-0975
FAX: (407) 823-5769
Email: rnoss@mail.ucf.edu
web page: nttp: //www.cas.uct.edu/biology/

Summary

- Primary interests and talents are in conservation biology, biogeography, landscape ecology, vertebrate
.ecology, vegetation science, land-use planning, nature reserve design, ecosystem management, field
ornithology and herpetology, forest and desert ecology, biological inventory and monitoring, natural
history, teaching, writing, and editing. . ’

Education includes a B.S. in Biology and Health Education, graduate work in Environmental Education, a
M.S. in Ecology (University of Tennessee), and a Ph.D. in Wildlife Ecology (University of Florida).

Employment experience includes field biological research, animal and plant population surveys,
conservation and land-use planning, environmental assessment and review, land management, natural

history int-e{pretation, supervision, research administration, writing, editing, and teaching. Professional
service includes Editor-in-Chief, Conservation Biology (1993-1997) and President of the Society for

Conservation Biology (1999-2001).

Personal v
Born June 23, 1952, Dayton, Ohio (citizen of U.S.A.')

~ Married, three children
Excellent physical condition

Employment

August 2002-present. Davis-Shine Professor of Conservation Biology and Provost's Distinguish-ed :
Research Professor, University of Central Florida, Department of Biology, Orlando, FL

February 2002 — present. Chief Scientist, The Wildlands Project, Richmond, Vermont
August 1990-present. International Consultant and Lecturer in Conservation Biclogy
August 1999—2002. Chief Scientist. Conservation Science, Inc. Corvallis, OR, and Chuluota, FL

2000-present. Adjunct Professor and Courtesy Professor. Department of Biology, University of
Oregon. Eugene, Oregon







1997-present. Courtesy Professor Department of Forest Science, Oregon State University, Corvallss,
Oregon .

1994-present. Courtesy Associate Professor, Department of Fisheries and Wildlife, Oregon State
University, Corvallis, Oregon -

1989-present. Adjunct Professor, The Union lns’;itute, University of Cincinnati, Cincinnati, Ohio
August 1997-August 1999. Chief Scientist, The Conservation Biology Institute. Corvallis, Oregon

1993-1997. Editor, Conservation Biology. Soc:lety for Conservatxon Bnology Oregon State University,
Department of Flshenes and Wildlife, Corvallis, Oregon

1991-1997. Research Associate, Stanford University, Center for Conservation Biology ‘

1991-1996. Research Scientist, University of Idaho, College of Forestry (half-time appointment, National
Biological Service; on leave Sept. 1993-May 1996 as a Pew Scholar in Conservation)

1992-1996. Science Director, The Wildlands Project (supported by Pew Scholars Award in Conservation
and the Environment)

1989-1994. Courtesy Assistant Professor, Department of Fisheries and Wildlife, Oregon State

- University

1988-1990. Biodiversity Project Leader, U.S. Environmental Protection Agency, Environmental
Research Lab, Corvallis, Oregon

1984-1988. President and Ecologist, Landscape Ecosystems (cons‘ulting firm), Gainesville, Florida
1987-1988. Staff Ecologist, KBN Engineering & Applied Sciences, Inc., Gainesville, Florida
1988. Adjunct Faculty, Santa Fe Community College, Gainesville, Florida (Biology Instructor)

1987. Associate Faculty, School for Field Studles Beverly, Massachusetts (taught field ecology course
in San Juan Mountains of Colorado)

1984-1987. Graduate Research Assistant, University of Florida, Gainesville, FL

1983-1984. Managed Area Specialist, Florida Natural Areas lnventory, The Nature Conservancy,
Tallahassee, FL

1981-1983. Ecologist, Ohio Natural Heritage Program, Ohio Dept. of Natural Resources, Division of
Natural Areas & Preserves, Columbus, Ohio

1980-1981. Naturalist, Ohio Dept. of Natural Resources, Div. of Parks & Recreation

1979. Field Biologist; contracts included: (1) survey of herpetofauna in proposed state natural areas for
Tennessee Natural Heritage Program; (2) survey of gray bat maternity colonies in Kentucky for U.S. Flsh

& Wildiife Service

1977-1979. Graduate Teachmg Assistant, University of Tennessee (Knoxville); taught General Biology
and General Ecology

1978. Ecologscal Consultant in Nicaragua. Land-use and national park planning
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1972-1977. Environmental Education, several jobs: (1) Science Director for youth camp in Ontario (3

summers); (2) Teacher-naturalist at Glen Helen Outdoor Education Center, Antioch College (1 year); (3)
Naturalist for youth camp in Ohio (1 summer); (4) Naturalist for Ohio Historical Society at Cedar Bog State

Preserve (2.5 years, part-time)

Education
1975. B.S. School of Education, University of Dayton, Ohio. Final GPA = 3.78

1975-1976. Graduate School of Education, Antioch College, Yellow Springs, Ohio. 15 graduate hours in
outdoor education

1979. M.S. Graduate Program in Ecblogy, University of Tennessee, Knoxville. Cumulative GPA =396

1988. Ph.D. Department of Wildlife & Range Sciences, School of Forest Resources & Conservation,
University of Florida. Cumulative GPA = 4.00

Honors and Awa_rds

1984-1987. Graduate Research Award, School of Forest Resources and Conservation, University of
Florida

1985. Annual Research'Award, Florida Ornithological Society

1986. Annual Research Award, Alachua Audubon Society

1986. Annual Research Award, Frank M. Ch_épman Memoria! Fund, American Museum of Natural History
1986. Annual Research Award, Josselyn Van Tyne Memorial Fund, American Ornithologists' Union
1987. President's Recognition Award, University of Florida

 1988. Environmental Publicatipn Award, Nati_onal Wildlife Federation

1993—1'996. Pew Scholars Fellowéhip in Conservation and the Environment

1995. Conservation Community Award for Outstanding Achievement in the Field of Publications, Natural
Resources Council of America (for Noss and Cooperrider, Saving Nature's Legacy)

1995. Edward T. LaRoe Ill Memorial Award of the Society for Conservation Biology. This is the highest
award of the Society, given for outstanding achievement in translating the principles of conservation
biology to policy and management _ : '

1999. Eiected Scientific Fellow, Wildlife Conservation Society
2001. Certified Senior Ecologist, Ecological Society of America
2001. Elected Fellow, American Association for the Advancement of Science

2002. ‘Wildlife Publications Award, Qutstanding Edited Book Category, The Wildlife Society (for Maehr,
Noss, and Larkin, Large Mammal Restoration)




Avocations

Karate (6th degree black belt and master instructor, Hayashi-ha Shito-ryu), kobudo (ancient Okinawan
weaponry, 3" degree black belt), tai chi chu'an, hatha yoga, archery, birding, natural history, hiking and

backpacking, canoeing, nature photography, music

Professional Society Memberships

Society for Conservation Biology

Ecological Society of America

American Association for the Advancement of Scxence
American Institute of Biological Sciences

Society for Ecological Restoration

The Natural Areas Association

Florida Ornithological Society

Florida Native Plant Society

Gopher Tortoise Council

Professional Appointments and Service

2002- present Member, Florida Forever Work Group, Florida Natural Areas Inventory,
Florida State University (Tallahassee, FL)

2002-present. Member, Brevard County Conservation Working Group (Brevard County, FL)

1998-present Consulting Editor, Conservation Biology

2003. Leader, Science Advisory Panel, Mendocino Redwoods Natural Community Conservation Plan and
Habitat Conservation Plan (Mendocmo County, CA)

2002-2003. ‘Member, Science Advisory Committee, Northeastern U.S. and Maritime Canada
Conservation Plan, The Wildlands Project (Burlington, VT)

2002. Leader, Scrence Advisory Panel, Solano County Natural Communlty Conservation Plan and Habitat
Conservation Plan (Solano County Water Agency, CA)

2002. Leader, Science Advisory Panel, Eastern Merced County Natural Community Conservation Plan
and Habitat Conservation Plan (Merced Co., CA)

2001. Leader, Science Review Team, North San Diego County Multi-Species Conservation Plan (San
Diego, CA)

2001. Leader, Science Advisory Team, Coachella Valley Multiple Species Habitat Conservation Plan, The
Nature Conservancy, U.S. Fish and Wildlife Service, and Coachella Valley Mountains Conservancy, Palm

Desert, CA

2000-2002. Chair, Forest Work Group and Member, Design Committee. State of the Nation’s Ecosystems
project, The H. John Heinz Il Center for Science, Economics, and the EnVIronment Washington, D.C.

1999-2001. President, Society for Conservation Biology

'2000-2001. Member, Advisory Panel for Implementation of “High Conservation Value Forests” and “The
Precautionary Principle,” Forest Stewardship Council, Oaxaca, Mexico




1899-2001. Scientific Advisor, Pima County Habitat Conservation Plan, Tucson, AZ
1997-1999. Leader. Science Team for Master Plan. Save-the-Redwoods League, San Francisco, CA

1898-2000. Leader. Scientific Panel for Review of Material Relevant to the Occurrence, Ecosystem Role,
and Tested Management Options for Mountain Goats in Olympic National Park. U.S. Department of

interior
1999. Chéir. Kanab Ambersnail Scientific Review Panel. Arizona Departmént of Game and Fish
1992-present. Member, Board of Governors, Society for Cpnéervation Biology
1991-19986, 1999, 2000-prééent. Co-founder and Member of Board of Direétors, The Wildlands Project
1990-present. Member, State of Oregon'Habitat Conservation Trust Fund Board V
1997-present. Member, Advisory Board, Korea Peace Bioreserves Project
1996-present. Science Advisor, World Resources Institute
1992-present. Member, Advisory Board, The Ecoforestry Institute |
1992-present. Member, Scientific Advisory Board, Conservation International
. 1993-present. ’Member, Advisory Board, Oregon Natural Desert Association
1994-present.. Member, Science Advisory Board, Defenders of Wildlife
1992-2000. Member, Board of Directors, Wild Earth Society
1993-1896. Member, Board of Directors, Natural Areas Association

1993. Member, Old-growth Ecosystem Panel for Northwest Forest Ecosystem Team advising President
Clinton on forest management options ,

1983-1996. Member, Committee on the Scientific Basis for Ecosystem Management, Ecological Society
of America ' .

1994-1996. Member, Ad Hoc Committee to Revise Criteria for Selection of Biosphere Reserves, USMAB,
U.S. Department of State

1991-1994. Member, Southern California Coastal Sage Scrub Scientific Review Panel (appointed by
Governor of California)

1989-1991. Professional Participant, Keystone Center National Policy Dialogue on Biological Diversity
1990-1991. Member, World Wildlife Fund Advisory Committee on Habitat Conservation Plans
1989-present. Member, Advisory Board, Northwest Ecosystem Alliance

1991-present. Member, Board of Editors, Conservation Biology

1988-1993. Subject Matter Editor for Landscape Ecology, Board of Editors, The Natural Areas Journal




1991-present. Science Editor, Wild Earth

1984-present. Peer reviewer for Conservation Biology, Biological Conservation, Ecology, Ecological
Applications, Journal of Wildlife Management, The Natural Areas Journal, BioScience, The Environmental
Professional, Trends in Ecology and Evolution. Landscape Ecology, Ecography. and others

Courses Taught

School for Field Studies: Field Ecology in San Juan Mountains (co-taught), 1987

University of Florida: Field Techniques in Wildlife Ecology (co-taught), 1988

Santa Fe Community College: General Biology, 1988

U.S. Bureau of Land Management, U.S. Forest Service, U.S. Fish and Wildlife Service, U.S.
National Park Service: many short-courses on biodiversity, endangered species, and ecosystemn
management (co-taught), 1988-1999 _

Oregon State University: Seminar in Conservation Biology, 1994

University of Oregon: Conservation Biology, 2000

University of Central Florida: Seminar in Conservation Biology, 2003

Invited Lectures, Seminars, and Presentations
Average of_2-3 monthly since 1990 (i.e., too numerous to list).

Graduate Theses and Dissertations Supervised

1997  Carlos Carroll. Predicting the distribution of the fisher (Martes pennanti) in northwestern
California, U.S.A. using survey data and GIS modeling. M.S., Department of Fisheries and
Wildlife, Oregon State University. : '

1999  Kennmeth W. Vance-Borland. Physical habitat classification for conservation planning in the
~ Klamath Mountains region. M.S., Department of Fisheries and Wildlife, Oregon State University.

2000 Carlos Carroll. Spatial modeling of carnivore distribution and population viability. Ph.D.,
Department of Forest Science, Oregon State University.

2002 Paul Adamus. Winter habitat relationships of birds in wetlands in the Willamette Valley, Oregon.
Ph.D., Department of Fisheries and Wildlife, Oregon State University.

Expected 2003: Robin Bjork. Intratropical migration of the Mealey Parrot (Amazona farinosa) in
Guatemala: implications for conservation. Ph.D., Department of Fisheries and Wildlife, Oregon State

University.




7

Major (> $100,000) Grant-Funded Projects Directed as Principal Investigator Since
1995

1995-1999. $170,000. Conservation Plan for Klamath-.Siskiyou Ecoregion. Funders: W. Alton Jones
Foundation, David and Lucille Packard Foundation, Foundation for Deep Ecology

1997-2002. $343,000. Rocky Mountain Carnivores Conservation Assessment. Funders: World Wildiife
Fund Canada, The Nature Conservancy, Yellowstone to Yukon Conservation Initiative, Kendall
Foundation, Wilburforce Foundation

1999-2001. $215,000. Conservation Assessment for Greater Yellowstone Ecosystem and Utah-Wyoming
Rocky Mountains Ecoregion. Funders: The Nature Conservancy, Greater Yellowstone Coalition, Doris

Duke Foundation




Professional References

Dr. Larry D. Harris, Professor Emeritus, Department of Wildlife Ecology and Conservation, Newins-Ziegler
Hall, University of Florida, Gainesville, FL 32667, (352)495-6485, Idh@GNV.IFAS.UFL.EDU

Dr. Malcolm L. Hunter, Jr., Department of Wildlife Ecology, University of Maine, Orono, ME 04469-5755,
(207) 581-2885, hunter@umenfa.maine.edu .

Dr. Gary Meffe, Editor, Conservation Biology, Department of Wildlife Ecology and Conservation, Newins-
Ziegler 303, Box 110430, University of Florida, Gainesville, FL 32667, (352) 846-0557,

meffe@gnv.ifas.ufl.edu

Mr. Michael O’Connell, The Nature Conservancy, 1400 Quail Street S-130, Newport Beach, CA 92660,
(949) 380-4174, mao4@pacbell.net, moconneli@tnc.org

Dr. John G. Robinson, Wildlife Conservation Society, 2300 Southern Bivd., Bronx, NY 10460 (718) 220-
7165; WildCons@aol.com

Dr. J. Michael Scott, Idaho Cooperative Fish and Wildlife Research Unit, College of Forestry, University of
Idaho, Moscow, 1D, 83843 (208) 885-6960, mscott@uidaho.edu.

Dr. David Wilcove, Woodrow Wilson School, Robertson Hall, Princeton University, Princeton, NJ 08544,
(609) 258-7118, dwilcove@princeton,edu




PUBLICATIONS

Publication Summary

Refereed Journal Articles: 46 Technical Reports and Symposium Proceedings: 53
Book Chapters: 47 Other Articles (essays, editorials, book reviews, etc.): 63
Books: 5 _ Total: 214

Refereed Journal Articles

Noss, R.F. 1981. The birds of Sugarcreek, an Ohio nature reserve. Ohio Journal of Science 81:29-40.

Noss, R.F., and S. McKee. 1983. The breeding birds of Mohican. The Ohio Cardinal 4(2):37-40.

Noss, R.F. 1983. Different levels of natural areas thinking. The Natural Areas Journal 3(3): 8-14.

Noss, R.F. 1983. A regional landscape approach to maintain diversity. BioScience 33:700-706.

Noss, R.F. 1985. On charactérizing presettlement vegetation: how and why. The Natural Areas Journal
5(1):5-19. '

Noss, R.F., and L.D. Harris. 1986. Nodes, networks, and MUM's: preserving diversity at all scales.
Environmental Management 10:299-308. ' ' ' .

Noss, R.F. 1987. From plant communities to landscapes in conservation inventories: a look at The Nature
Conservancy (USA). Biological Conservation 41;11-37.

Noss, R.F. 1987. Corridors in real landscapes: a reply to Simberloff and Cox. Conservation Biology
1:159-164.

Noss, R.F. 1987. Protecting natural areas in fragmented landscapes. The Natural Areas Journal 7 (1):2-
13.

Noss, R.F. 1989. Longleaf pine and wiregrass: Keystone components of an endangered ecosystem. The
Natural Areas Journal 9:211-213. .

Noss, R.F. 1890. Indicators for monitoring biodivérsity: A hierarchical approach. Conservation Biology
4:355-364. :

Noss, R.F.-1991. Effects of edge and internal patchiness on avian habitat use in an old-growth Florida
hammock. Natural Areas Journa] 11:34-47.

Hirth, D.H., L.D. Harris, and R.F. Noss. 1991. Avian community dynamics in a peninsular Florida !ohgleaf
pine forest. Florida Field Naturalist 19(2):33-48.

Noss, R.F. 1991. Wilderness recovery: Thinking big in restoration ecology. The Environmental
Professional 13:225-234,

Hughes, R.M., and R.F. Noss. 1992. Biological diversity and biological integrity: Current concerns in lakes
and streams. Fisheries 17(3):11-19.
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O'Connell, M.A., and R.F. Noss. 1992. Private land management for biodiversity conservation.
Environmental Management 16:135-151. '

Frissell, C.A., R.K. Nawa, and R. Noss. 1992. Is there any conservation biology in "New Perspectives?"
Areply to Salwasser. Conservation Biology 6:461-464.

Scott, J.M., F. Davis, B. Csuti, R. Noss, B. Butterfield, C. Grdves, H. Anderson, S. Caicco, F. D'Erchia,
T.C..Edwards, J. Ulliman, and R.G. Wright. 1993. Gap Analysis: A geographic approach to protection of
biological diversity. Wildlife Monographs 123:1-41.

Noss, R.F. 1993. A conservation Vplan for the Oregon Coast Range: Some preliminary suggestions.
Natural Areas Journal 13:276-290.

Kremen, C., R. Colwell, T.L. Erwin, D.D. Murphy, R.F. Noss, and M.A. Sanjayan. 1993. Arthropod
assemblages: Their use as indicators in conservation planning. Conservation Bioloqy 7: 796-808.

Atwodd, J.L., and R.F. Noss: 1994. Gnatcatchers and natural community conservation planning: Have we
really avoided a train wreck? lliahee: Journal of the Northwest Environment 10:123-130.

Noss, R.F. 1994. Some principles of conservation biology, as they apply to environmental law. Chicago

+ - Kent L aw Review 69:893-909.

Noss, R.F. 1996. Biodiversity, eco!ogicél integrity, and wilderness. International Journal of Wilderness
2(2):5-8. ' '

Christensen, N.L., A.M. Bartuska, J.H. Brown, S. Carpenter, C. D’Antonio, R. Francis, J.F. Franklin, J.A.
MacMahon, R.F. Noss, D.J. Parsons, C.H. Peterson, M.G. Turner, and R.G. Woodmansee. 1996. The
report of the Ecological Society of America Committee on the Scientific Basis for Ecosystem
Management. Ecological Applications 6:665-691. ’

Novss, R.F.,-H.B. Quigley, M.G. Hornocker, T. Merrill, and P. Paquet. 1996. Conservation biology and
carnivore conservation. Conservation Biology 10:949-963. .

DellaSala, D., J.R. Strittholt, R.F. Noss, and D.M. Olson. 1996. A critical role for core reserves in
managing Inland Northwest landscapes for natural resources and biodiversity. Wildlife Society Bulletin

24:209-221. ‘

Kiester, A.R., J.M. Scott, B. Csuti, R. Noss, B. Butterfield, K. Sahr, and D. White. 1996. Conservation
prioritization using GAP data. Conservation Biology 10:1332-1342.
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EXECUTIVE SUMMARY

The Grasslands in western Merced County
were once part of an extensive, pristine wetland
system that covered at least 4 million acres in
the Central Valley of California. At that time
the landscape was teeming with abundant
wildlife. Large herbivores were common and
wetland birds were so numerous that they
blackened the skies. Beginning over 150 years
ago, the onset of grazing and then farming
gradually changed the landscape. Native peren-
nial plant communities were replaced by exotic
annuals before 1850, and large predators and
grazing animals disappeared. As early settlers
discovered the rich soils on the valley floor,
development of a huge agricultural industry
began. Key to the success of agriculture was an
Irigation system to supply water for crop
production coupled with an effective system for
draining the irrigation water from fields.

As the landscape changed from a pristine set-
ting to an agricultural system, native ecosys-
tems were fragmented and the size of the
remaining natural habitats gradually decreased.
Conversion of the native systems to agricultural
production accounted for much of the loss in
size, but establishment of transportation and ir-
rigation systems further fragmented the en-

vironment and disrupted migration corridors .

and movements of animals among remnant
habitats. These same corridors allowed the
rapid dispersal of exotic plants. Effective use of
irrigation waters required land leveling and
drainage systems to prevent salt concentration.
These modifications further impacted the al-
ready greatly modified hydrology associated
with the establishment of water storage and dis-
tribution facilities. Other changes associated
with agriculture further impacted the quality
and function of natural environments. The use
of pesticides, herbicides and fertilizers degraded
water quality. Intensive soil manipulations in-
creased sedimentation, and irrigation water
moving through some soils concentrated ele-
ments such as selenium that disrupted biologi-
cal processes.

Because changes associated with agriculture
had a profound effect on the size. distribution
and quality of remnant natural habitats. many
practices and habitats associated with agricul-
ture become important for some wildlife. Graz-
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ing lands were used extensively by . geese,
cranes, and some shorebirds. Waste grains such
as corn, wheat, barley and rice provided impor-
tant sources of high energy foods readily con-
sumed and digested by waterfowl and other
granivorous birds. Nesting birds made use of
agricultural fields such as alfalfa and wheat
before harvest. Sites considered as waste areas
by the agricultural community also were impor-
tant for some wildlife. Sump areas for drain
water and drainage ditches sometimes had bor-
ders' of wetland vegetation ‘that supported
diverse wildlife aggregations.

Although the extensive disruption caused by
agriculture reduced the numbers and changed
the distribution of wild populations, the Central
Valley continues to be one of the most important
habitats for waterfowl on the North American
continent even though habitats now cover less
than 300,000 acres. About 60% of the wintering
waterfowl in the Pacific Flyway use Central Val-
ley habitats and about 65% of the North
American pintail population use these wetland
habitats. The largest contiguous block of
remaining wetland habitat in the Central Valley
is the San Joaquin Valley Grasslands. Of the
remaining wetlands in the Central Valley, about
40% are clustered in the Grasslands between
Merced and Los Banos along'the San Joaquin
River. This sizable area is of considerable impor-
tance because the variety of habitats are impor-
tant to the maintenance of biodiversity on a
national and international scale. Such habitat
diversity is driven by differences in soils ‘and
hydrology between the FEast and West
Grasslands. Thus, wetland habitats within the
Grasslands represent many different
hydrologies ranging from vernal pools to per-
manently flooded wetlands.

Central Valley habitats increasingly are
being impacted by urban expansion. Cheaper
land and housing in the Valley compared to the
Bay area have attracted many people that are
willing to commute long distances for employ-
ment. The population of Merced County is ex-
pected to grow from 180,000 in 1990 to 260.000
in the year 2000. As this population grows there
will be multifaceted impacts that will further
degrade both agricultural and remnant natural
systems. As urbanization progresses, open space




will continually disappear, fragmentation will

increase and a host of factors with high poten-
tial to disrupt and degrade the functions and
values ‘of the Grassland ecosystem will be im-
minent. Expansion of transportation corridors in
number and size will bring more fragmentation
and increased air pollution. As areas of imper-
meable surfaces such as roofs,- highways, and
parking lots increase, runoff will be more rapid
and of greater volume. Stormwater carries sedi-
ments and pollutants of many types. Free roam-
Ing pets are always in abundance near
urbanized areas; their activities disrupt wildlife
life history strategies and can result in direct
mortality to wildlife. The juxtaposition of urban
areas adjacent to natural environments has an
insidious impact that gradually reduces the
quality and functional area of these habitats.
Such changes have been common place across
the United States. The decrease in open space
and associated fragmentation in conjunction
with the .effects of transportation, Tecreation,
reduction in air and water quality, and general
disturbance gradually modifies plant and
-animal- communities. Monotypic plant com-
munities will be more common. Exotic plant and
animal species may increase while native
populations disappear. '
* The Grassland ecosystem is a significant rem-
.nant. of our natural heritage. Not only is this a
-unique parcel of a diminishing resource in the
Central Valley and the state of California, but
these wetland habitats are critical to the survival
of migratory species that move across the North
American continent and among continents during
their annual cycle. Thus, further loss and
degradation of this largest remnant wetland
habitat in the Central Valley not only will have an
important negative impact on local resident

wildlife and plant communities, but also will
negatively impact migrant animals that move to
distant countries during their annual travels.
For this reason, protection and appropriate
management of this unique ecosystem is essen-
tial to assure preservation and to maintain
productivity of this important natural heritage.
Preservation of this system requires that frag-
mentation must stop and the area not decrease

.In size. Some agricultural land use practices will

continue to provide important open space as
well as important foods or habitats for wildlife.

Protection of these agricultural lands from con.’
version to other uses should be an integral part

of strategies aimed at protection of this impor-
tant system.’ ' : '

Changes in land use require management to
emulate historic water regimes that are tied to
wetland productivity and life cycle events of
wetland wildlife. Careful and timely manipula-
tion of soil and water assure productivity and
the biodiversity associated with diverse wetland
systems. '

This land use study has identified the pertur-
bations that have effected this wetland ecosys-
tem for the past 200 years. Available

information clearly demonstrates the 1mpor- -

tance of strengthening the protection of the
Grassland Wildlife Management Area to assure
the long-term integrity of this important and
unique habitat. Adequate open space must con-
tinue to exist in the future as part of protective
measures that are essential to maintain the
functions and values of this system for wildlife
and humans. Additional information and a bet-
ter understanding of interactions among pertur-
bations must be generated before additional
encroachments compromise the viability of this
system forever.

Grassland Habitat Preservation Report




INTRODUCTION

Man’s first impact in the San Joaquin Valley
dates back about 10,000 years to the arrival of im-
~ migrants that crossed the land bridge from Asia.
At this time California had a rich fauna of wildlife
that exploited diverse habitats in the mountains
and valleys. The geomorphology of the Central

Valley floor had a profound influence on the loca-

tion, general topography, structure and function of
these diverse habitats. The distribution, diversity,
and abundance of plants and animals reflected the
size and distribution of different habitats. The dis-
tribution of habitats in turn influenced the loca-
tion of Native American populations. The extent
Native Americans impacted wildlife populations is
not fully known, but many suspect that their
hunting skills were adequate to influence the dis-
- tribution and size of large mammal populations
(Bumey 1993). However, native Americans dif-
fered from subsequent settlers because their way
of life had little impact on the landforms or
hydrologic regimes that controlled the dynamics of
wetland habitats within the San Joaquin River
floodplain.

When the Spanish arrived in the San Joaquin
Valley in the 17005, a wonderfully diverse and
- largely. untouched ecosystem composed of inter-
spersed wetland and upland habitats existed be-
tween the Coast Range and the Sierra Nevada. As
an increasing number of settlers reached Califor-
nia in the 1800’s, the potential for agriculture in
the Valley was recognized and the first'steps were
taken to divert water for agricultural purposes.

Agricultural development reached a peak by
the middle of the twentieth century. The modifica-
tions required for successful agriculture in this
semiarid region had a dramatic influence on the
landscape. Foremost among these changes were
developments required to ensure a more consistent
water supply across large portions of the Valley.
Reservoirs were constructed to store water and ex-
tensive canal systems were built to transport water
to farms. Such developments drastically affected
the hydrology and water quality within the Valley.
In addition, a transportation infrastructure that in-
terconnected farms and communities was required
to move equipment. supplies, and commodities,
which further altered ecosystem function. As
human populations continued to grow, more pertur-
bations impacted an increasingly fragmented
landscape. Open space decreased as the demands
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for housing, recreation, waste water treatment
and other essential developments associated
with urban and -industrial expansion required
more land. Continued growth and shifts in the
human population in California remain an im-
portant influence on current land use, Projec-
tions for population growth within the Central
Valley suggest a huge increase as more and
more people seek affordable land and housing.
These demands for living space and associated
developments will continue to change the char-
acter of Merced County. .

Collectively, these factors have had a profound
influence on the size, distribution and function of
pristine habitats - that once provided wildlife
populations with the seasonal necessities required
for survival and reproduction. Some impacts are
subtle and difficult to quantify (e.g., minor disrup-
tions in landform) whereas others, such as chan-
ges in land use practices, have obvious results.
This report documents the changes in land use in
Western Merced County extending back more
than 200 years. The implications of these impacts
are described in relation to the location and types
of activities associated with land use in the Coun-
ty and the potential or documented consequences
to natural resource elements. The focus of the
study identifies factors associated with the most
recent changes in land use related to urban ex-
pansion, which will continue to occur in the
Central Valley and specifically in western Merced
County. The purpose of this document is not to
promote the ideclogy that natural resource con-
cerns be considered and preserved at the expense
of economic growth and ‘community development,
Such a concept is no longer a viable option in
today’s society. Rather, the intent is to provide a
factual basis that identifies the importance of the
Grasslands as an integral component of a much
larger landscape that is in imminent danger of
being fragmented and disrupted to a greater ex-
tent. Further, it is imperative that all individuals
and organizations be aware that irreparable
damage to the land base likely will have devastat-
ing consequences to human populations. Thus,
strategies must be implemented to assure that
the value and function of Dnatural systems
remain viable in order to provide societal
benefits and to protect open space for future
generations to enjoy.
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STUDY AREA

The focus of this report is on the land-use im-
pacts within an area described as the Grassland
Wildlife Management Area and surrounding
lands within two miles of the management

boundary (Fig. 1). This area, which encompasses’

179,463 acres (Merced Data Special Services,
Inc. 1988), includes the largest contiguous block
of wetlands remaining in the Central Valley of
California. A major wintering ground for
migratory waterfowl and shorebirds of the
Pacific Flyway, the Grasslands also provide
habitat for a number of threatened and en-

WETLAND DISTRIBUTION WITHIN STUDY AREA

dangered species. The U.S. Fish and Wildlife
Service recognizes the Central Valley (US. Fish
and Wildlife Service 1986) as one of the most
important wintering areas for waterfowl in the
nation and the Western Hemisphere Shorebird
Reserve Network has designated the Grasslands
as an international reserve for migrant and
wintering shorebirds. These important wetlands
are the remnants of a wetland complex that his-
torically extended throughout the Central Val-
ley and composed part of a 4 million acre
wetland system (U.S. Fish and Wildlife Service
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Fig. 1. Grasslands Study Area including a 2-mile perimeter surrounding the Grasslands Wildlife Managemient

Area.
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Fig. 2. Location and distribution of general habitat types in the Central Valley of California in 1888 (A) and the

fragmentation of these contiguous habitats by 1988 (B).

1978, Fig. 2). Currently, only about 281,000
~ acres of wetland habitat remain in the entire

Central Valley (U.S. Fish and Wildlife Service
1987). Land ownership within the Grassland
study area is varied, consisting of federal, state,
- and private entities (Fig. 3). Habitat types also
are diverse, including semipermanent and
seasonal wetlands, vernal pools, riparian cor-
ridors, native grasslands, and developed agricul-
tural lands. Published reports provide variable
estimates of wetland habitats. Merced Special
Services, Inc. 1993 provided an estimate of
116,509 acres of wetland habitat in the study
area. Other estimates including those from the
San Joaquin Valley Drainage Program include
areas of seasonal and permanent wetlands.
These estimates sum to 91,465 acres but do not
include the habitats in the East Grasslands.
(Table 1). Earlier reports (Table 1) suggest that
over 90% of wetland habitats exhibit seasonal
hydrology. This complex of wetland habitats is
of special significance because the size, jux-
taposition, and connectivity of the different wet-
land types. provide a unique opportunity to
sustain native migratory and resident wildlife
populations. The associated uplands surround-
ing the semi-permanent wetlands also are of
special importance because they provide nesting

Table 1. Estimated area of wetland habitat (San

Joaquin Valley Drainage Program 1990) within the

" Grasslands Study Area.

: W’etland type Acre
Grassland Water Seasonal 32,000
District Permanent 6,400

Total 38,400
San Luis National Seasonal 2,665
Wildlife Refuge Permanent 40
: Total 2,705
Merced National Seasonal 725
Wildlife Refuge Permanent 21
o Total : 746
Volta Wildlife Area  Seasonal 2,400
Permanent 800
Total 2,700
Los Banos Seasonal 3,060
Wildlife Area Permanent 760
Total 3,820
Duck Clubs Seasonal 11,144
outside Grassland Permanent 0
Water District Total 11,144
TOTAL Seasonal 83,944
. Permanent 7,521
Total 91,465
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areas for waterbirds, important food sources for
grazers such as geese, and essential habitat for
endangered species as well as numerous upland
wildlife.

The Grasslands are bounded by numerous
towns and cities (F}g 1). The largest popu]atlon
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centers are Merced to the east and Los Banos to
the west, with 1990 populations of 50,000
and 13,500, respectively. Smaller communities
include Volta, Santa Nella, and Gustine to the
west, Stevinson to the north, and El Nido, Dos
Palos and South Dos Palos to the east. The 1990
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population of Merced County was 178,403
(Wright 1993) with a projected growth to
264,000 by 2005 (Association of Bay Arca
Governments 1991). Population projections by
the Department of Finance suggest that Merced
County will have a population of 626,900 by
2040 (State of California 1993).

Other important features in relation to land
use are roads and highways (Fig. 4). Four-lane
highways are Interstate 5 to the west, California
99 to the east, and California 152 that runs
through Los Banos and bisects the Grasslands
into areas described as the North and South
Grasslands. Other major state highways impact-
ing the study area include California 140 to the
north, California 165 that bisects the area north

of Los Banos, and California 33 to the west.
Other transportation corridors such as FHenry
Miller Road also support a considerable amount
of local traflic within the study area.
Developments for water transport are key
components that influence habitat type, hydrol-
ogy, and land use in the Grasslands. The area is
laced with canals that transport irrigation water
or collect irrigation drain water. Starting at I-5
and moving cast, the primary water conveyance
systems within the study area include the
California  Aqueduct, Delta-Mendota Canal,
Outside Canal, Main Canal, San Luis Canal,
San Juan Canal and Eastside Bypass (Fig. 5).
There are a large number of smaller canals that
move water within and adjacent to the study
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area (Figs. 6 A and B). In addition, two natural

drainages (Mud Slough and Salt Slough) also .

are used to transport water. These canals have
an important influence on the hydrology of the
area and, especially for some terrestrial species,
represent obstacles for movement.
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CLIMATE

- The climate of the study area is described as
Mediterranean. Distinctly semiarid, the high
‘mountains that enclose the Valley to the east,
west, and south, buffer the area from oceanic
and continental influences (U.S. Department of
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. Agriculture 1941, Association of Bay Govern-

ments 1991). Summers are long, dry and hot
with low relative humidity. During some years
the summers are extremely hot. For example,
midday temperatures can range from 100 to
110° F, with peaks of 117° F recorded (Nazar
1990). The hottest months are July and August,
but clear skies and dry air allow rapid radiation.
Thus, night temperatures are frequently 40° F
cooler than during the day. This daily variation
results in an average summer temperature of
only 79° F. Prevailing winds are from the
northwest; March is the windiest month. The
number of frost free days varies within the
study area, ranging from 260 to about 320 days
(Nazar 1990).

In contrast, winters are cool and periods of
gentle rain, ground fog, and clear frosty weather
are common. Winter temperatures average 47.5°

Grassland Habitat Preservation Report

F from December through February and the
relative humidity is high. Damp, foggy days are
interspersed with mild, clear, sunny periods.
Average annual rainfall varies from 8 to 11
inches, depending on location within the study
arca. However, annual rainfall patterns are er-
ratic and yearly variations of 3 to 24 inches are
not uncommon. The rainy period extends from
November through April; January is the month
of maximum rainfall. Some showers occur in
May and in the latter part of September, but lit-
tle rain falls from June through mid-September.

GEOLOGY OF THE REGION

The current topography and soils in the
Central Valley result from processes that began
about 150 million years ago when the site was
covered by a shallow sea. The North American
- Plate began to move westward at a faster rate




and collided with the diving Pacific Plate. Sur-
face material on the ocean floor was scraped off
onto the leading edge of the North American
Plate, then folded and pushed upward, possibly
as high as 15,000 feet to form what would be-
come the Sierra Nevada mountain range (Whit-
ney 1979). The enormous heat and pressure of
these processes changed the sedimentary rock to
metamorphic rock present in the Siérra Nevada
today. Magma formed along the diving plate and
either erupted from onshore volcanoes or cooled
within the earth. These processes formed the
granitic core of the pre-Sierra Nevada. Activity
subsided in the region as the North American

Continent pushed the Pacific. Plate boundary

further westward. The pre-Sierra Nevada moun-
tains then went through an erosional phase in
which they were reduced to a gently rolling
topography. The granitic core, as well as por-
tions of the metamorphic formations, was ex-
posed on the surface (Ogden 1988). The current
Valley floor was originally the site of deposition
for chemical precipitates and clastic materials
from the ocean. This depositional phase was fol-
lowed by a downwarping of the ocean floor. Sub-
sequently, thousands of feet of sands, gravel and
volcanic materials were deposited in the struc-
tural trough that .is now the Central Valley
floor.

tions in the Valley largely determine present
day topographic and soil characteristics. On the
west side of the Valley, marine shales were
deposited. The Coast Range sediments formed
when these deposits were uplifted. The erosion
from this uplift created landforms such as the
Panoche Pan. Materials from these marine
deposits contributed salts, selenium and other
potentially toxic substances to the Valley Floor
(U.S. Department of the Interior and California
Resources Agency 1990). :
The dominant landform on the east side of
the Valley is the Sierra Nevada Mountains. The
eroded material from these mountains is much
different from the Coast Range because of the
supply of metamorphic and granitic materials
throughout the Sierra Nevada. On the east side
of the San Joaquin River about 85 percent of the
parent material in the Merced area is alluvial
material washed from the Sierra Nevada
(Arkley 1990). The alluvium varies considerably
in mineral composition and in manner of deposi-
tion. Some are fresh, unweathered deposits
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Different geologic processes at different loca-

whereas other soils have been developing for
thousands of years. Fine silt and clay are
dominant in the lower basin area and some soils
are strongly alkaline.

SOILS

Soils in the West Grasslands, including the
basin, on the basin rim, and on alluvial fans con-
sist of the following: Ediminster-Dospalos-
Kesterson nearest the river in the northern part

of the Grasslands, Bolfar-Dospalos-Alros along

the river to the south, Triangle-Turlock-Britto at
the next highest elevation along the river, and
finally a bit farther from the river are Pedcat-
Marcuse-Volta soils. (Nazar 1990, Fig. 7). Soils
on alluvial fans of the San Joaquin Valley are
Dosamigos-DeIdota-Chateag, and Woo-Stanis-
laus, but only small areas of these soil types
occur within the study area. All of these soils
are very poorly drained or poorly drained except
for the Woo-Stanislaus soils (Table 2).

Soils in the east Grasslands are very dif-
ferent from those in the west Grasslands largely
because of differences in parent material (F ig.
8). These soils fall into two distinct groups and
include soils of alluvial fans and floodplains
(Merced-Temple-Columbia  immediately —ad-

jacent to the xiver and Hilmar-Delhi-Dello along

Highway 140 in the north). Poorly drained soils
of the saline-alkali basin are Rossi-Waukena,
Lewis-Landlow-Burchell, and Fresno-Traver

(Fig 8).

HYDROLOGY

Historically the hydrology of wetlands as-
sociated with the Grasslands of western Merced
County was dynamic, being driven by local and
regional precipitation fluxes (Ogden 1988, San
Joaquin Valley Drainage Program 1990). Local
precipitation occurred as rainfall, which directly
influenced wetland hydrology. In contrast,
regional precipitation patterns primarily were
determined by precipitation events'in the sur-

-rounding mountains. Melt waters from snow in

the Sierra Nevada were particularly important.
Regional precipitation patterns influenced the
hydrology of the San Joaquin River and its
tributaries, which in turn influenced the hydrol-
ogy in the floodplain by surface flooding or
regulation of the water table (Ogden 1988).
Thus, both local and regional precipitation pat-
terns interacted to determine the timing, depth,
and duration of seasonal flooding that created
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Table 2. General characteristics of Grassland soils.

Soil

Location

Description

WEST GRASSLAND SOILS

Ednﬁnster-Dospalos-Kesterson

Bolfor-Dospalos-Alros

Triangle-Turlock-Britto

Pedeat-Marcuse-Volta

Dosamigos-Deldota-Chateau

Woo-Stanislaus

EAST GRASSLAND SQILS
Merced-Temple-Columbia

Hilmar-Delhi-Dello

Rossi-Waukena

Lewis-Landlow-Burchell

Fresno-Traver
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West of and immediately
adjacent to San Joaquin
River; In the valley basin

West of and immmediately
adjacent to San Joaquin
River in the valley basin

High zones along west side
of San Joaquin River in
the valley basin or on the
valley basin rim

Higher zones away from the
west side of the San Joaquin
River alluvial rim fans

and the valley basin

On higher zones away from
the west side of the San
Joaquin River on low
alluvial fans

On higher zones away from
the west side of the San
Joaquin River in alluvial fans

Immediately adjacent to
east side of San Joaquin
River on alluvial fans
and floodplains, .
including natural river
levees

‘Along Highway 140 east of

San Joaquin River on

* alluvial fans and floodplains

To East of San Joaquin
on higher ground in
poorly drained saline-
alkali basins

East of San Joaquin
River on higher ground in.
poorly drained saline-
alkali basin

East of San Joaquin Rivef
on higher ground in poorly
drained saline-alkali basins

Very deep, nearly level, pooly
drained soils that have hummocky
microrelief

Very deep, nearly level, very
poorly drained soils

Very deep, neax;ly level, very
poorly drained soils

Deep and very deep, nearly
level, poorly drained soils

Very deep, nearly level,
poorly drained and somewhat
poorly drained soils that

are partially drained.

Very deep, nearly level,
well drained sails

Parent material is primarily
granitic, water table is near
surface; Historically these
soils frequently were flooded
in early summer for extended

periods; Poorly drained

Parent material is granitic
alluvial; modified by wind

and water level to undulating
topography; Permeable to poorly
drained

Nearly level soils just above
flood level; Parent material
is primarily granitic; Poorly
drained

Parent material is igneous
rock nearly level with poor
drainage

Parent material is granitic;
generally level with mounds;
Poorly drained
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and nourished wetland habitats and provided a
haven for myriad wildlife species. Some of the
most extensive flooding in the San Joaquin

-River system occurred when high flows into the

Tulare Basin reached levels that caused water
to flow northward from this closed basin (Ogden
1988). The natural ridge along the Kings River
1s at an elevation of 210 ft. msl Thus, water
flows’ northward when surface water increases
above this elevation. Such high flows were
recorded in 1862 when Tulare Lake was at 220

. ft. msl and likely covered over 500,000 acres

with depths up to 40 feet. The normal pattern of
precipitation is erratic but the rainy season con-
sistently occurs during winter (November to
ApriD). January is the wettest month. This
precipitation provides the water supply for the
extensive area of vernal pools and seasonal wet-
lands within the study area, Historically, the
tule marshes within the floodplain were
replenished with water during the high flows
normally associated with melt water from the
mountains in spring and early summer. These
variable patterns of precipitation and melt
water created a dynamic wetland complex with
great seasonal and among year variation in
number of basins flooded, area of wetlands
flooded, and amount and types of foods produced
(Ogden 1988). The topography and soils, wet-
land size, wetland depth, and interconnect_ions_
with sloughs produced a multitude of different
wetland habitats that largely have been dis-
rupted by human activities.

Historically, the value of this wetland system
to wildlife was enhanced by its direct connection
to other important wetland habitats within the
Central Valley of California, including the Delta
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Region of the San Joaquin and Sacramento
rivers, the Sacramento Valley to the north, and
the Tulare Basin to the south (Fig. 2). Thus, the
Grasslands originally were part of a continuum
of wetland habitats extending from the northern
sections of the Sacramento Valley to the Tulare
Basin. This vast complex of habitats provided
myriad opportunities for wildlife to meet life his-
tory requirements.

Today, the surface hydrology is driven by
flows through man-made canals (Figs. 5 and 6).
The water supply primarily enters the
Grasslands through a complex water distribu-
tion infrastructure. During periods of heavy
precipitation and high flows in canals, there is
some. uncontrolled flooding. The remnant wet-
lands are flooded during the winter but some
areas are flooded in fall to attract early migrant
waterbirds. This consistent pattern of early fall
flooding of some habitats differs from the his-
toric hydrology of natural flooding during the
wet winter period.

Little is known about the historic subsurface
hydrology. Currently, the subsurface hydrology
reflects the impacts related to water projects
and water use by agriculture, municipalities and
industry. Undoubtedly, the timing and amount
of natural flow in streams of all sizes has in-
fluenced discharge and recharge and thus, the
current ground water levels. Extraction of
ground water for various uses further impacts
the ground water reserves. The drainage sys-
tems associated with agriculture also have an
important influence because water must be
transported away from the root zone and these
drain waters often carry toxic materials that in-
fluence the overall quality of ground water.
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HISTORY OF THE GRASSLAND WATER DISTRICT

Much of the current land use in the Grasslands
" can be traced to the vision of Henry Miller who ar-
rived in the San Joaquin Valley in 1864. Miller's
dream was of irrigation (Winton 1962). He saw
the potential to capture the annual seasonal flows
of the San Joaquin River and use these waters
during the dry season to improve agricultural op-
portunities, including the ability to increase forage
production for cattle. Miller and Lux formed a
- company, Miller and Lux, Incorporated, that was
to have a profound influence on wetland and-
grassland habitats in Merced County. Construc-
tion of the first irrigation canal began in 1871 and
continued until 1878. Evidence of these early
developments designed to irrigate semi-arid pas-
tureland is still evident in the . Grasslands and
mark the beginning of human efforts to divert
water from the western slopes of the Sierra
Nevada mountains. Gradually waters from the
Kern, Little Kern, Tule, Kaweah, Kings, Fresno,
and Chowchilla rivers, as well as run-off from the
Coast Range, also were captured for agricultural
purposes.

Other entrepreneurs, including James Ben-
Haggin and Lloyd Tevis also had an important
influence on more southern San Joaquin Valley
habitats (Winton 1962). These two men estab-
lished the Kern Land and Cattle Company that
encompassed a large land base, including two-
thirds control of the water flow in the Kern
River. As Miller and Lux expanded their opera-
tions to the south, conflicts developed with the
Kern Land and Cattle Company. These conflicts
lead to the establishment of Buena Vista Lake
in the late 1880’s.

A dam was built across the San Joaquin
River near Mendota to permit diversion of water
to the Grassland region in Merced County.
Dikes and levees were constructed at strategic
points to allow excess irrigation water from
Miller and Lux croplands to be used to flood the
Grasslands during periods of adequate water
availability. When such diversion occurred in
summer and fall, this water provided waterfowl
with excellent habitats. Excess water for hunt-
ing lands also was furnished by Miller and Lux,
but the amount depended on water availability
in the San Joaquin and Kings rivers. In dry
years, no water was furnished. Miller and Lux,
Inc. claimed much of the water the Federal
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Government needed for the development of the
Central Valley Project. The legal battle for
water was resolved when the law of riparian
rights became the water law of the state of
California. : ,

In 1926, Miller and Lux liquidated 98,234
acres in the area now known as the Grasslands )
(Leach 1960). Lands adjacent to the San Joaquin
River were sold to cattlemen, dairymen and duck -
clubs. When the land was sold, Miller and Lux
retained title to the water rights appurtenant to
those lands, whether riparian, prescriptive, or ap-

propriative. These water rights were essentially . -

the rights to the San Joaquin River flood waters
when the flow of the river exceeded the require-
ments of the croplands served by Miller and Lux.
Even though land owners did not have water
rights during this time, excess water was made
available to land owners to flood wetlands and
grazing lands. '

By the 1930’'s the Federal Government took
control of the natural resources of the Central
Valley and foremost among these resources was
water. The U.S. Bureau of Reclamation and the

U.S. Army Corps of Engineers, along with other

state and federal agencies, established control of
the water, but use for fish and wildlife was not
identified until the Central Valley Project was
reauthorized in the 1950’s.

In 1939, Miller and Lux sold the water rights
to the 98,234 acres serviced by San Joaquin River
water. The Federal Government paid $2.45 mil-
lion for these rights and agreed to protect the
water right by continued diversion of the water
until the United States was ready to use the water
elsewhere in the Central Valley. Provision to store
these waters was possible with the construction of
Friant Dam on the upper reaches of the San Joa-
quin River. Friant Dam was completed in 1944,
but transfer of this water was not possible until
completion of the Delta-Mendota Canal in 1952
Various landowners in the Grasslands realized
their water supply was about to be cut off follow-
ing completion of Friant Dam. This stimulated the
organization of several livestock and duck hunter
associations. On 2 August 1944, all such associa-
tions were merged into the Grassland Water As-
sociation and incorporated under state laws as a .
non-profit mutual water association. The original
area serviced by the Grassland Water Association
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was 61,370 acres. Of this area, 53,747 acres
‘either were controlled or owned by 139 duck
clubs or livestock companies. Although the
primary incentive of livestock companies was
beef production, most of these lands were
flooded for waterfow]l at some time during the
- year. The number of clubs or livestock com-
panies has varied over the years, but the
majority of the land within the Grassland Water
District - continues to be wetlands that are
flooded seasonally each year.

Some important changes also have occurred
in the management of Grassland habitats in the
past decade. Originally, grazing was an integral
part of duck club operations. Grazing for
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prolonged periods by domestic stock year after
year led to some conflicts between beef produc-
tion and maintaining high quality wetlands for
waterfowl and other waterbirds. A dependable
water supply always has been a major concern
for wetland managers in the Grasslands. As im-
portant is the timing of the supply in relation to
wildlife need. Recently, legislation (1992 Central

Valley Project Improvement Act) has identified _

the importance of a reliable water supply for
maintaining wetland values in the Grasslands.
Deliveries of these waters was initiated in.1993.
Since then, additional conflicts have developed
over the rights to these waters in response to
the 1992 legislation.
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RATIONAL FOR PRESENTATION OF THIS REPORT

The history of the Grasslands is complex
and well-documented, yet confusing to many
who have not taken the opportunity to peruse
available information. Such confusion results

because much of the information is anecdotal

or qualitative, rather than quantitative. Thus,
there often are discrepancies among published
reports concerning the exact timing of specific
events that have had great significance in un-
derstanding the current status of the
Grasslands from a natural resources view-
point. As a result, it is difficult to synthesize
this wealth of knowledge in an enlightening
manner. This particularly.is true when an at-
tempt is made to integrate historical informa-
tion regarding the main topics of interest,
which include (1) the impact that habitat
changes have exerted on wildlife populations,
(2) the causes of habitat change, and (3) how
future changes in the Grasslands ecosystem
"may further impact plant and animal com-
munities. Fortunately, however, the chronol-
ogy of events relating to a specific topic are
consistent. For example, the chronology of
. ‘habitat change in the Grasslands are equable
among documents although specific dates of
important events may not coincide exactly.
Therefore, it remains possible to use past in-
formation to gain valuable insight concerning
potential impacts that may result if the
Grasslands continue to be modified. The dif-
ficulty resides in attempting to combine infor-
mation relative to human demographics, land
use changes, habitat alteration, and wildlife
populations into a format that can be under-
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stood by individuals with various professional
backgrounds and, more importantly, canbe used
to arrive at decisions that will protect the exist-
ing integrity of the Grasslands. o

To solve this dilemma, we have taken an
approach whereby information for a specific
topic will be presented separately at varying
scopes. Thus, the Thistory of habitat
loss/change will be presented for the ‘Pacific
Flyway and continent, the state of California
or the Central Valley, and finally the San Joa-
quin Valley and Grasslands study area. A
similar tact will be used to present informa-
tion on changes in population levels of species.
Organization of the information in this format
hopefully will serve to identify the importance
of scale when evaluating the value of an area.
Benefits often are integrally linked to other
areas or ecosystems, thereby forcing con-
siderations of the whole (e.g., Pacific Flyway)
rather  than  component parts (e.g.,
Grasslands). Additionally, valuable insights
can be gained by incorporating information or
facts from other sources. Although the
Grasslands is unique in- many ways, some im-
pacts that currently threaten this area have
become a reality in other regions of the
country. We would be amiss if such lessons
were not taken into account. Subsequently,
biological information will be presented to
more specifically identify the causal agents in-
volved in ecosystem functions and the impor-
tance of temporal and spatial aspects of
habitats in determining the reproductive suc-
cess and survival of wildlife.
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LEGISLATION OF IMPORTANCE TO LAND-USE IMPACTS IN
THE GRASSLANDS

A large number of legislative actions dating  plications for land use activities in the
back to the early 1800's have had important im-  Grasslands (Table 3). Among the earlier acts of

Table 3. Selected events in wetland and land-use legislation with implications for grassland habitats.

1802 U.S. Army Corps of Engineers created for military and civilian construction works, including navigation.
1843 Swamp Lands Act passed to allow settlement of swamplands with agreement to clear land.

1862  Homestead Act passed to open up western lands to settlement and development.

1877  Desert Lands Act passed to open southwest for settlement.

1886  Green Act permitted levee construction along natural drains to permit reclamation of federal 1and in
" the floodplain .

1902 Reclamation Act passed giving authority to the U.S. Bureau of Reclamation to develop water supplies for
land reclamation and irrgation.

1803  President Roosevelt designates the first national wildlife refuge at Pelican Island, Florida, as a bird
sanctuary.

1936 ~ Flood Control Act passed following an earlier version passed in 1927 lgiving the Army Corps authority for
flood control efforts on major streams and appropriating funds for public flood control wox;is.

1948  Water Pollution Act establishes study program and grants for waste treatment.
1950  Dingell-Johnson Act authorized federal aid for restoration of freshwater fish.
1950  President's Water Resources Policy Commission.

1954  Watershed Protection and Flood Prevention Act establishes technical and financial aid to Jocsl
"~ organizations for watershed work plans.

1954  Public Law 674. Authorized the use of Central Valley Project Water for Fish and Wildlife purposes.
1964  Wilderness Act authorizes reservation of federal lands as wilderness areas.
1968 Wild and Scenic Rivers authorizes reservation of river reaches for preservation.

1969  National Environmental Policy Act requires federal agencies to prepare environmental impact statements
on projects and develop mitigation plans with public participation. '

. 1972 Clean Water Act suthorizes the Environmental Protection Agency to create and enforce water quality
standards and guidelines for permitting draining and filling of wetlands (administered by the Army Corps). -

1973 Endangered Species Act authorizes the Fish and Wildlife Service to list threatened and endangered
species, to designate critical habitat areas, and to develop recovery plans.

1977 Executive Order 11990 mandating that all federal agencies work to minimize Impacts on wetlands.

1978  Fish and Wildlife Improvement Act. Authorized water to be made available for Grassland Water District
on a nonreimbursable basis.

1985  Food Security Act establishes the Wetlands Reserve Program administered by the U.S. Dept.
Agriculture’s Soil Conservation Service to provide funds to farmers who keep wetlands out of production.

1986  Emergency Wetlands Resources Act

1988  The National Wetlands Policy Forum sets a goal of “no net loss” for wetlands and Presidential candidate
George Bush endorses the goal. ,

1990  Water Resources Development Act passed.

1990  Truckee-Carson W?ter Rights Settlement Act passed authorizing water-rights acquisitons from a Bureau
of Reclamation project for the purposes of restoring the Stillwater National Wildlife Refuge wetlands.

1990  Coastal Wetlands Protection, Planning, and Restoration Act authorizes $35 million for wetlands
restoration in coastal Louisiana. :

1991  National debate erupts over Vice-President Quayle's attempt to change the definition of wetlands used in _
the 1989 federal wetlands delineation manual thereby potentially excluding from federal protection 50%
of the nation’s remaining wetlands.

1992 Central Valley Project Improvement Act sets aside 800,000 acre-feet of water for fish and wildlife
protection and an additional 430,000 acre-feet of water specifically for wetland use. Also establishes a
Restoration Fund with an initial $35 million.
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importance were the establishment of the us.:

Army Corps of Engineers, Desert Lands Act,
and Reclamation Act which set the stage for
changes in natural ecosystems to an agricultural
environment. These acts and others also set in
motion major changes that led to the destruction
and degradation of wetlands, loss of natural
habitats and open space, loss of animal popula-
tions and plant communities, and changes in
hydrology of the San Joaquin Valley.

As natural systems have been lost and
degraded there has been a gradual shift in at-
titudes 'and legislation to counter -earlier
programs that exploited systems without con-
sideration for environmental issues (Table 4).
Public concern for ecosystems date back to 1891
- with the Forest Resources Act which was stimu-
lated by exploitation of timberlands. Water
resources were not identified in Federal legisla-
tion until 1964 when the Wild and Scenic Rivers
Act was passed. Thereafter coastal areas were
protected under the Marine Protection and
Sanctuaries Act of 1972. Most recently wetlands
have been identified as systems holding high
public value and legislation such as the Emer-
gency Wetlands Resources Act of 1986 and
Coastal Wetlands Protection, Planning, and

Table 4. Evolution of concern for ecosystems in the
United States. : :

- Ecosystem Act
Timberlands Forest Resources 1891
Grazing Lands Taylor Grazing 1934
Wildlife Sanctuaries Fish and Game Sanctuary 1934
Wilderness ’ Wilderness 1964
Rivers Wild and Scenic Rivers 1964
Coastal Areas Marine Protection and

Sanctuaries 1972

National Forest Management
1976

Federal Land Management
and Policy 1976

Emergency Wetlands
" Resources 1988

Coastal Wetlands Protection,

Forest Lands
Rangelands

Wetlands -

Planning, and Restoration 1990

All Ecosystems National Biological Diversity

Conservation and Environ-

mental Research 1990

Restoration = Act of 1990 (which protect
Louisiana coastal habitats) have been impor-

tant. Among the most important acts affecting -

the San Joaquin Valley, including the
Grasslands study area, is the 1992 Central Val-
ley Project Improvement Act which set aside
430,000 acre-feet of water for Central Valley
wetlands protection and establishes a Restora-

- tion Fund with an initial %35 million. Some

ecosystem protection also is apparent in some
legislation, including the swamp buster
provision of the 1985 Food Security Act (Table
3).

Although the purpose of legislation is to es-
tablish standards and guidelines for the protec-
tion, regulafion, and management of natural
resources, the types of legislation approved also
reflects public-attitudes and perceptions regard-
ing wildlife landscapes. In colonial times, some
states established game laws in the 1700’s to set
seasons that provided some annual protection
for game species whether they were fish, birds,
or mammals (Table 5). The Lacey Act of 1900
was ‘the first protective federal legislation to
protect wild animals. The most all-inclusive
legislation that protects ecosystems as well as
individual species is the National Biological
Diversity Conservation and Environmental Re-
search Act of 1990. The passage of such legisla-
tion indicates laypersons are becoming
increasingly aware that destruction and
modification of landscapes may be potentially
deleterious to all living organisms, including
humans.

Table 5. Evolution of concern for species groups in the
Uhited States.

Species group Act

Large (Huntable)

Mammals Early State Game Protection -
Birds, Fish Laws (1700's)
- Wild Animals Lacey 1900
Wild Birds Migratory Bird Treaty 1918
Fish Fish Restoration and Manage-
ment 1950

Endangered Species 1373
National Biological Diversity

Conservation and Environ-
mental Research 1990

Plants, Animals
All Species
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OVERVIEW OF HABITAT LOSS AND CHANGE

GRASSLAND PLANT COMMUNITIES

The pristine area of western Merced County
was part of a grassland and wetland ecosystem
sometimes described as California Prairie and
Tule Marsh habitats (Fig. 9. Burcham 1957,
Munz and Keck 1959). The grassy portion of the
region was dominated by perennial grasses that
were excellent pasture. Unfortunately, changes
in vegetation composition and distribution in
the Valley following the arrival of the Spanish
in Califomia never were documented (Heady
1988). Nevertheless certain conditions likely oc-
curred and are generally agreed upon by ex-
perts. Stipa pulchra, a perennial bunchgrass,
probably dominated the Valley grassland, par-
~ticularly at higher elevations that were drier.

Interspersed among the bunch grasses were an-
nuals, especially at lower elevations immedi-
ately.adjacent to wetland habitats in Merced
County. The grassland type characteristic of the
region occurred on a wide variety of soils with
some authors identifying the distribution on as

many as 195 soil series (Barry 1972). Broad-
leafed plants, especially perennials with bulbs,
were interspersed among the grasses Her-
baceous annuals were dominated by members of
the Caryophyllaceae, Compositae, Cruciferae,
Labiatea, Leguminosae, and Umbelliferae (Steb-
bins 1965). :
The seeds of alien species were present in the
adobe of the earliest Spanish Missions. provid-
ing evidence that the first changes in grassland
plant composition in California preceded exten-
sive settlement by FEuropeans (Hendry 1931).
However, the timing and extent of these early
changes in plant communities is poorly docu-
mented. Undoubtedly, some changes in the
grassland community probably preceded the
period of intensive grazing that began after the
mid-1800’s. Records indicate that . introduced
species such as wild oats (dvena fatus) and
Brassica nigra were abundant before livestock
overgrazed the area. Certainly, additional chan-
ges in the pristine grassland occurred as more
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and more settlers arrived in the Valley (Bur-
cham 1957). There is disagreement over the rela-
tive importance of how different factors altered
the pristine California Prairie (Heady 1988) but at
least 4 factors commonly are associated with
~ changes in the prairie community: (1) invasion by
. alien plant species, (2) changes in the kinds of
animals and their grazing patterns, (3) cultiva-
tion, and (4) fire, as well as the complicated inter-
actions among these factors (Heady 1988). A
major change in the Grasslands was associated
with the introduction of domestic livestock.
Likewise, the arrival of many alien seeds, bulbs,
and cuttings with miners in the 1850's provided
another source of plant material that com-
promised native plant communities. Extensive
areas also were converted to dry-land farming
with grains and forage as the principal crops
(Heady 1988). Those areas that were farmed and
have reverted to grassland continue to be
dominated by annuals rather than perennials.
The role of fire in pristine grasslands is not docu-
mented, but fire likely was a part of the evolution-
ary-history of the California Prairie (Heady 1972).
Thus, as is the case with any changes in pristine
environments, many different factors interacted in
combination to result in the demise of the original
grassland community in western Mexrced County.
Historic® and current information suggest
- that the general macroscale distribution of na-
tive plant communities has not been influenced
by land use changes. Thus, the current distribu-
tion of wooded riparian forests, grasslands,
marshlands, and shrublands is similar to the
distribution during the past several hundred
years (Heady 1988). However, the species com-
position of these communities has changed. The
pristine  perennial grassland community was
dominated by Stipa pulchra in association with
other perennials including Aristidea hamulosa,
Elymus glaucus, E. triticoides, Festuca idahoen-
sis, Koeleria cristate, Melica californica, M. im-
perfecta, and Poa scabrella. Some annuals were
present and included Aristida oligantha, Des-
campsia danthonioides, Festuca megalura, F.
pacifica, and Orcutti spp. The replacement an-
nual grasslands have a composition that is high-
ly variable (McNaughton 1968), but common
species include Bromis mollis, B. rigidus. B.
rubens, Erodium botrys, E. cicutarium. and
Avena fatua. '

WETLAND COMMUNITIES

Status of Continental Wetlands

To understand the importance of Grassland
habitats, understanding the status of wetlands

on a larger scale is necessary. Nationwide, wet-

lands have received considerable attention since
1985 because of the North American Waterfowl
Management Plan and the 1985 Food Security

Act. Although exact estimates of the original -

acreage of wetlands in the 48 coterminous states
were never made, experts suggest there were
about 220 millions acres of wetlands in colonial
America (Dahl 1990). Wetland loss has been ex-
cessive during the past 200 years and today less
than. 100 million acres remain (Dahl and
Johnson 1991). Historically, wetland losses
primarily have been associated with conversion
of native habitats for agricultural purposes. For
example, from the mid-1950's to the mid-1970’s,
87% of wetland loss was related to agriculture
(Frayer et al. 1983). Although this rate has
declined to 54% from the mid-1970’s to the mid-
1980's, agriculture continues to have an impor-
tant impact on wetland losses. In contrast,
urban land uses accounted for about 5% of wet-
land losses during the 30-year period beginning
in the mid-1950's (Tiner 1984).

The total loss of wetlands has been devastat-
ing to wildlife populations and has disrupted
many wetland values and functions that sub-
sequently compromise economic benefits to
society (Odum 1978). Factors such as fragmen-
tation, changes in hydrology, disruption of func-
tions, excessive losses of ephemeral and
temporary wetlands, increased sedimentation,
and excessive nutrient or toxic chemical loads
all have major impacts on remaining wetland
habitats or influence the type and duration of
use by wildlife (Table 6). Fragmentation of wet-
land corridors and wetland systems is a national
problem and is well-represented by the current
discontinuous distribution of remnant wetlands
in California.

Status of California Wetlands

California had an estimated 5 million acres
of wetlands in the mid-1800's (California
Department of Fish and Game 1983). The
majority of these wetlands were in the Central
Valley, but other sites such as the Klamath
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Table 6. Examples of ecolo

gical implications’ resulting from wetland loss and degradation and modified

Nonpoint Pollution

results in changes
of plant species
composition and
productivity

Sediments and

pollutants accumulate

in wetlands;
Undesirable Plant
Monocultures become

more common

hydrolgy.
Ecological Implication
Perturbation Habitat ' Wildlife
Wetland drainage Loss of habitat Populations reduced
Wetland complexes Habitat quality Fewer species present;
disrupted by decreases Resources for some life
bighways, farming cycle events eliminated
urganization, ete. or reduced
. Upstream»reserVOirS Changed hydrology Some species sliminated:

Resources available for
lesser number of animals

Certain species and/or
age classes are impacted;
Food production declines

Basin were of great importance to the waterfowl
resource (Heitmeyer et al. 1989). Unfortunately
more than 95% of these historic wetlands have
been destroyed or modified (Frayer et al. 1989,
Gilmer et al: 1982). Remnant wetland habitats
primarily are within the Central Valley where
about 287,000 acres remain. Few if any.of these
remnant wetlands remain in pristine condition
because man has impacted each wetland direct-
ly or indirectly. Changes in volume and flow pat-

‘terns of water, ground water levels and

sedimentation rates are just a few examples of
the widespread modifications to wetland result-
ing from man’s activity. Privately owned and

"operated duck clubs are particularly important

because they account for two-thirds, or over
170,000 acres, of these wetland habitats. The
remaining one-third is divided between state
and federal ownership and managed as wildlife
areas. Nearly all of these remnant habitats are
managed intensively for the benefit of water-
birds, especially waterfowl (Heitmeyer et al.
1989). Significant portions of the Grasslands are
now in state or federal ownership or easements
(Fig. 3). Efforts to increase public ownership and
easements will continue,
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Status of San Joaquin Valley Wetlands

The importance of the Grassland study area is
imminently clear because of the size, diversity of
wetland types, and juxtaposition of remnant
habitats (Table 7). Nevertheless, the Grasslands
are a tiny remnant of wetlands that historically

‘served as an important wetland corridor between

the Delta and the Tulare Basin. Nevertheless,
remnant wetlands in the entire San Joaquin Val-
ley account for about half of the remnant wetlands
in the Central Valley. Loss of wetlands has been
S0 severe in the Sacramento and San Joaquin val-
leys that the Grasslands account for about one |
third of all remaining wetland habitats in the
Central Valley even though the original area of
the adjacent wetland habitat in the Delta and the
Tulare Lake Basin were of greater size and
provided habitat for much larger numbers of
wildlife. In contrast to the wetland area remaining
in the Grasslands, the Delta, which originally en-
compassed about 450,000 wetland acres, has only
about 18,000 acres of wetlands remaining. Unfor-
tunately these habitats occur primarily as sump
areas that were created by levee blowouts during
floods or as narrow strips of robust emergent
vegetation adjacent to rivers and sloughs




Table 7. Status of existing wetlands in the California Central Valley, the Suisun Marsh, and the Delta, 1989.

Protected’

Federal State Federal
Basin fos title fee title easement __ Private Total Unprotected® (%)  Total
Sacramento 23,040 8,600 7,935 0 398,575 27,950 (41) 67,525
Delta 0 3,500 0 1,550° 5,050 4,300 (45) 9,350
Suisun 1,100 10,900 0 46,000 58,000* ' 0(0) 58,000
San Joaquin 16,580 8,590 | 28,130 0 53,300 67,000 (55) 120,300
Tulare 2,300 12,105 0 2,325° 16,730 .1-9,650 (54) 36,380
Totals 43,020 43,695 36,065 49,875 172,655 118,900 (41 291,555

!Protected wetlands are those held in foe title by federal, state, or county agency or privately owned wetlands

with perpetual conservation easement.

"A_ny privately owned wetland not covered by a perpetusl easement.
3Consumnes Preserve owned by The Nature Conservancy modified from Central Valley Habitat Joint Venture

Implementation Plant 1990.

'I'he entire 58,000 acre Suisun Marsh was protected by the Suisun Marsh Protection Act of 1977.

*Includes 1,425 acres owned by Kern County.

(Fredrickson et al. 1989, Fredrickson and Laub-
han, 1991). This nearly complete destruction
and high fragmentation of habitats has reduced
wetland values of Delta habitats to minuscule
amounts compared to historic values. Similar
losses have occurred in the Tulare Lake Basin
. Historically, Tulare Lake sometimes reached a
“total area of over 500,000 acres but today about
36,000 wetland acres are present in the Basin
(San Joaquin Valley Drainage Program 1990).

Status of Grassland Wetlands

Wetland habitats within the study area lar-
gely fall within three general groups: vernal
pools dominated by annual vegetation and tem-
porary flooding regimes, seasonal marshes with
annual and perennial vegetation, and tule mar-
shes dominated by robust perennial vegetation
with seasonal or semipermanent flooding. The
distribution of these three types is distinct with
the abundance of vernal pools concentrated at
higher elevations and greater distances from the
primary floodplain.

Vernal pools—Vernal pools are small basins
that occur at higher elevations throughout the
study area. The East Grasslands has an abun-
dance of this wetland type. The undulating
topography and porous soils of this region, in
conjunction with the depth to ground water.
determines the number of basins and the total
area that is flooded. The hydrology of the vernal

pools is driven by winter rainfall within the
study area, whereas the hydrology of the tule
marshes is strongly influenced by precipitation
events outside the boundaries of the study area.

Many vernal pools were not subject to consis-
tent riverine flooding, thus land use impacts
that effect their hydrology are different than for
tule marshes. The shallow nature and infre-
quent flooding of vernal pools make them espe-
cially vulnerable to activities such as land
leveling, filling by sedimentation, and activities
that influence groundwater level. Activities that
lower the groundwater table either eliminate
vernal flooding or change the length of the flood-
ing regime.

Seasonal Marshes—Seasonal marshes are
the most abundant type of wetlands in the study
area. They are dominated by alkali bulrush,
saltgrass, alkali heath, baltic rush and
brassbuttons. Flooding of seasonal marshes is
strongly influenced by flows from lateral
streams including Los Banos Creek, Creek, Sil-
ver Creek, Mud Slough, Garzes Creek, San Luis
Creek, and Orestimba Creek. Seasonal wetlands
are normally dry by May. Many seasonal basins
were not flooded naturally until winter rains
began. Where seasonal basins are under inten-
sive management, flooding of some basins may
occur as early as September.

Tule Marshes—Tule marsh habitats were
distributed within the floodplain of stream sys-
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tems; the San Joaquin River being the most im-
portant and extensive floodplain habitat in the
study area. Overflow from the river annually
replenished tule marsh habitats. The area of in-
undation, and thus the number of basins and
area flooded within the floodplain, was related
to rainfall and snow melt in areas upstream
from the Grasslands (Ogden 1988). In extreme
cases the flooding also was influenced by over-
flow into the San Joaquin drainage from the
Tulare Basin. Soils with high clay content are
common within the San Joaquin River
floodplain and have an important influence on
the hydroperiod of seasonal and semipermanent
marshes. Flooding in areas of soils having a
high clay content are less influenced by ground
water. '

The historic hydrology of the river floodplain
was changed forever with the conversion to

agriculture, construction of dams, and develop- -

ment of the irrigation infrastructure. The cap-
ture of water upstream and its distribution via
irrigation and agricultural drainage systems
removed the natural flooding regimes that an-
nually overflowed onto the floodplain and
replenished the tule marsh system. Today these
marsh systems would be even more limited in

‘size and function without state, federal and -

private efforts. Although the original values and
functions cannot be completely duplicated, in-
tensive management provides opportunities to
assure that viable wetland habitats continue
to be an important feature of the San Joaquin
Valley. A new infrastructure of water supply
from wells and irrigation canals, along with
water control developments such as levees and
water control structures, are used to maintain
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and restore wetlands in the area. Federal, state
and private entities have different priorities
that provide different water regimes. Federal
lands largely were purchased to meet the re-
quirements of the Migratory Bird Treaty. State
lands also are important in meeting state and
federal mandates but hunting is an important
component. Private wetlands are primarily duck
clubs and hunting is critical to the maintenance
of habitat. Each of these entities flood wetlands
via intensive water movements and manipula-
tions. Thus, some of the values and functions of
the original system have been maintained as is
evidenced by the extensive use by a large num-
ber of waterbirds. Emulating the natural
hydrology including within season and among
season fluctuations has the highest potential to
optimize benefits for a diversity of wetland
wildlife. However, incorrect application of water
regimes and application of intensive manage-
ment at the wrong time can compromise the
healthofthe ecosystem.

Grassland wetland habitats are unique and
of critical importance in California and North
America because these remnant habitats are
clustered and include a mix of ephemeral,
seasonal, and semipermanent basins. The uni-
que size and distribution of these wetlands
within the Grassland Study Area have
benefits that extend far beyond the boundaries
of Merced County and the State of California.
Migratory populations that move across the
North' American continent, as well as those
that move into Central and South American,
rely: upon the resources provided in the
Grasslands.







HISTORY OF WATERBIRD POPULATION CHANGES

IN THE PACIFIC FLYWAY

PACIFIC FLYWAY _

The Pacific Flyway is one of four flyways
where cooperating federal, state, and provincial
entities provide management direction to benefit

waterfow! populations. The political boundary of

- the Pacific Flyway includes lands west of the
continental divide extending from Alaska,
southward through the western provinces of
Canada and the Rocky mountain states, includ-
ing western portions of Mexico. Because water-
fowl do not follow political |
populations using the Pacific Flyway also breed
in areas such as the prairie provinces of Canada
or locations in northern Asia that lie outside the
area described as the Pacific Flyway. Historical-
ly, the Pacific Flyway held the highest con-
centrations of wintering waterfowl, but ‘this
- Flyway had the smallest area of native wetland
habitats even before man severely disrupted
wetland ecosystems (Bellrose 1976). California
and Mexico are of critical importance for winter-
ing waterfowl because they provide habitats re-
quired by a majority of waterfowl species using
this Flyway. Thus, any changes in the area or
quality of habitat in California have the poten-
tial to influence the outcome of annual cycle
events and subsequently the fecundity and mor-
tality of waterfowl populations extending from
the prairies of North America to northern Asia
(Raveling and Heitmeyer 1989).

IMPORTANCE OF THE CENTRAL
VALLEY

Historically, the Central Valley held some of
the largest and most impressive concentrations
of migratory waterfowl in the Pacific Flyway
and North America as well. Early accounts are

anecdotal but the descriptions of massive num-’

bers of birds in the Sacramento Valley, the
Delta, and the Tulare Basin were consistent
even though numbers are vague and the species
described might be unclear (Day 1949). As
Central Valley wetland habitats were destroyed
(Day 1949), there was concern for migratory
bird populations extending back to the early
1800's. :
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boundaries,

California was more fortunate in maintain-
ing large populations of wintering waterfowl
into the 1970s than other areas of the United
States. Undoubtedly, this was related to the dis-
tribution of breeding waterfowl that wintered in
California. These populations largely are as-
sociated with the more western prairie provinces
of Canada and the U.S. that were less affected
by land-use changes influencing the area and
quality of breeding habitats before 1970. Thus,
considerable assemblages of waterfowl con-
tinued to congregate in the Central Valley
before the 1980s.

Wintering waterfow]l populations in the
Central Valley have ranged from 8 to 12 million
ducks and geese. Although total numbers have
declined, the area continues to support 60 per-
cent of the Flyway wintering waterfowl popula-
tion. Thus, this area is extremely important as
the southern terminus or intermediate stopover
for Pacific Flyway waterfowl that are produced
in the prairies and parklands of western Canada
and the river valleys and deltas of Alaska (Koz-
Iik 1975). For example, of 9 basins that consis-
tently winter waterfowl in the Central Valley,
the San Joaquin Valley holds 25 percent of the
wintering waterfowl population (Heitmeyer
1989) and has 156.680 acres of the 291,555
acres of habitats available in the Central Valley
(Table 7). :

The significance of the Central Valley winter-
ing habitats is apparent from. the peak popula-
tion objectives for the North American
Waterfowl  Management Plan (Canadian
Wildlife Service and U.S. Fish and Wildlife Ser-
vice 1986, Central Valley Joint Venture 1990).
The goal for ducks in the Central Valley Habitat

~ Joint Venture is a peak population of 4.7 million

birds (Table 8). Further, the Central Valley
provides habitat for 100% of the Aleutian
Canada Geese (Branta canadensis leucopareta)
and the Tule White-fronted Geese (Table 8),
80% of the Cackling Canada Geese (B. canaden-
sis minima) and Ross' Geese, and 66.7% of the
Pacific White-fronted Geese (Anser albifrons)
and Tundra Swan (Cygnus columbianus)
populations.




Table 8. Peak population objectives for wintering waterfowl established by the Central Valley Habitat Joint

Venture relative to those of the North American Waterfow] Management Plan.

Central North Central Valley
Valley America as % of total
Total ducks® 4,700,000
Mallard 531,000
Northern pintail 2,800,000
Total geese and swans 875,000 5,701,000 15.3
Cackling Canada goose 200,000 250,000 80.0
Aleutian Canada goose 5,000 5,000 100.0
Lesser Snow goose 320,000 1,760,000 ' 18.2
Ross’ goose 100,000 125,000 . 80.2
Tule white-fronted goose 5,000 5,000 100.0
Pacific white-fronted goose 200,000 300,000 . 66.7
Tundra swan 40,000 60,000 : 66.7

*No winter goals for ducks have been established in the North American Waterfowl Management Plan.
Reflects recent winter distribution patterns and adjusted for 25% annual recruitment.

GENERAL DECLINE OF WILDLIFE IN
FLYWAY

Early reports of wildlife populations in the
Valley are poorly documented, but suggest that
wild species generally were abundant. Survival
and reproduction apparently were high for
many species based on the descriptions in these
early but poorly documented reports. Clearly,

the abundance and distribution of wildlife have

- changed. dramatically. since .the first. settlers
reached the Valley over 200 years ago.

Change in size and diversity of wildlife
populations is directly related to the changing
landscape and the type and intensity of Human
activities in the study area. The pattern of land
use over the past 200 years has moved through
a series of stages that influenced plant com-
munities and wildlife populations. Land-use
changes were characterized by pulses of ac-
tivities that impacted large areas or changed the
intensity or type of use. The first major
modification in native habitats resulted from in-
tensive grazing by domestic stock. This land use
changed the plant composition and structural
features of the habitat. Nevertheless, areas that
were grazed by domestic stock continued to pro-
vide open space as well as the required food and
habitat for some species. More dramatic changes
in the study area occurred where native habitats
were converted to agricultural uses other than
grazing. Conversion to rowcrops and orchards
was far more devastating to the integrity of na-
tive habitats than grazing. Despite intensive
agricultural practices that require annual cul-
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tivation, open space for some wildlife is provided
in. these agricultural environments. However,
overall species richness and the density of many
species are reduced greatly. The most severe
loss of open space in the study area occurs when
agricultural or remnant habitats are replaced by
more intense uses where hard surfaces and
buildings reduce open space and high levels of
human activity create continuous disturbance to

-natural systems (Murphy 1988).

The biological diversity of the Grasslands

likely was little impacted by the first human ac- .

tivity. Asian immigrants largely were hunters
and lacked the technology to dramatically in-
fluence natural systems with domestic stock or
the development of population centers. How-
ever, there is some evidence that their hunting

activities, and some environmentally related -

changes, impacted large herbivore populations
(Bumey 1993). Early settlers had little impact
on open space because populations were small
and the culture was oriented around hunting.
Likewise, the natural hydrology was not im-
pacted because these early cultures lacked the
technology to dam rivers or dig channels and did
not practice agriculture or graze domestic stock.

Large mammals which require extensive
areas of undisturbed habitat to survive and
reproduce have been influenced the most by
human impacts on natural habitats (Murphy
1988). Grizzly bears (Ursus arctos), free-ranging
tule elk (Cervus elaphus nannodes) and pron-
ghorn antelope (Antilocarpa americana) have
been extirpated from the San dJoaquin Valley for
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Table 9. Mean number of selected waterfowl counted in the Central Valley, Suisun Marsh and Delta, winter -

1978-87.
Sacramento San Joaquin Suisun

Species Valley Valley (%) Marsh Delta
Mallard 314,712 30,138 (8) 15,221 4,667
Gadwall 11,698 23,137 (65) 602 25
American wigeon. 403,038 10,813 (3) 9,318 847
Green-winged teal 16,336 90,479 (79) 6,913 _ 961
Cinnamon teal 137 2,541 (84) 42 2
Northern shoveler 122,557 209,142 (58) 28,456 3,022
Northern pintail 1,429,698 238,191 (13) 60,347 141,190
Canvasback 11,735 2,036 8) . 3,446 7,056
Ring-necked duck 3,896 917 (14) 404 85
Ruddy duck 16,361 . 15,985 (43) 2,558 : 2,184
White-fronted geese 20,092 4,884 (9) 6,491 20,768
Snow/Ross geese 304,310 35.397 (10) 82 - 19,278
Cackling Canada geese 10,792 4,128 (23) 2,520 830
Aleutian Canada geese 360 1.035 (87) 72 59
Tundra swan 21,283 357 (1) 4 19,999

a considerable period. Clearly the reduced size
and increasing fragmentation of native habitats
in the study area have been foremost in the
demise of these native animal populations.
Today the smaller habitat remnants are only
suitable for providing the necessary space for
smaller-species. These changes in habitat area
and quality have been so extensive that smaller
carnivores such as the kit fox are now being
severely impacted by land-use changes and have
reached a status of endangered.

Today, California remains one of the prin-
cipal wintering and migratory stopover points
for waterfowl using the Pacific Flyway in spite
of great habitat loss. Historically, as many as 81
percent of waterfowl band recoveries in Califor-
nia were from waterfowl banded in Alaska
(1948). The Central Valley is of foremost impor-
tance for migratory and wintering waterfowl,
shorebirds and other waterbirds. Although the
Central Valley composes only 11 percent of the
land area of the state, the area consistently sup-
ports 60 percent of the total wintering waterfowl
population of the Pacific Flyway.

IMPORTANCE OF GRASSLAND
HABITATS FOR BIRDS A

Although the most comprehensive information
on bird numbers, distribution, and habitat use
within the Grasslands relates to waterfowl and
shorebirds, many other migratory birds also are
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dependent on habitats within the study area.
Counts of waterfowl numbers date back to at
least the 1940s but information on shorebird

‘numbers, distribution, and chronology of use

primarily is from the past 10 years, with the
most complete census work between 1988 and
1993. Counts of birds including waterbirds and
nonwaterbirds are inconsistent. Numbers and
chronology of movements by neotropical
migrants is lacking. In contrast, numbers and
distribution of raptors are undoubtedly more
complete than for groups other than waterfowl
and shorebirds.

Waterfowl

Fifteen species of waterfowl commonly use San
Joaquin Valley habitats in winter. Concentrations
of 5 species of waterfowl account for more than
50% of the wintering waterfowl in California
during the period 1978-87 (Table 9). Species using
Grassland habitats extensively in winter mclude
gadwall (65%), green-winged teal (79%), cinnamon
teal (94%), northern shoveler (58%). and Aleutian
Canada Goose (67%). More recently (1985-1989)
wintering waterfowl in the San Joaquin Valley -
have declined (Table 10). For e\ample Gadwall
accounted for 65% of the species in the Central
Valley (1978-87) but only 34% in 1985-89. North-
ern pintail showed a similar declme from 13% to
6.7%.




Table 10. Midwintef (January indices of waterfowl in the San Joaquin Valley,
Pacific Flyway, 1985-89 average (percentages). From Bartonek, J. C., US

‘the Central Valley, and the
FWS Office Migratory Bird .

Management 9/13/89.

San Joaquin Valley

Central Valley

Pacific Flyway ‘

Mallard

Gadwall

Wigeon
Green-winged teal
Blue-winged teal
Cinnamon teal

23,090 4.9)}
15,722 (34.1)
6,480 (1.9)
50,868 (21.5)
1,126 (34.4)

295,559 (76.3)}
40,781 (88.5)
264,390 (75.8)
215,076 (90.9)
2,332 (71.1)

163,547 (66.2)
715,377 (86.0)

1,697,153 (80.0)

189 (25.8)
3,297 (11.0)

- 285(0.3)
12,273 (91.7)
25,186 (33.4)
42,121 (14.9)

1,743,626 (72.7)
308.584 (83.7)
45,844 (63.9)
26,551 (41.4)
380,979 (75.4)

34,869 (71.4)
54,338 (51.9)

2,213,833 (72.4)

1,402,119 (21.1)%

55,687 (73.2)
489,026 (54.1)
279,668 (76.9)

3,316 (70.3)

256,144 (63.8)
945,085 (75.7)
3,431,701 (49.5)

20,285 (0.9)
42,411 (7.8)
146,945 (0.2)
21,793 (56.3)
86,991 (29.0)
503,205 (8.4)

.3,996,245 (43.7)

403,756 (76.4)
71.861 (83.8)

323,878 (8.2)

816,624 (48.7)

61,121 (57.0)
185,456 (29.3)

5,051,006 (43.8)

Shoveler 51,557 (20.9)
Pintail 55,800 (6.7)
SUBTOTAL DABBLERS 200,578 (9.5)
Redhead 176 (24.0)
Canvasback 2,184 (71.3)
Scaup 274 (0.3)
Ring-necked duck 1,810 (13.5)
Ruddy duck 13,751 (18.2)
SUBTOTAL DIVERS 18,674 (6.6)
TOTAL DUCKS 221,273 (9.2)
Snow and Ross geese 27,604 (71.5)
White-fronted geese 2,814 (3.9)
‘Canada geese 2,822 (15.3)
TOTAL GEESE 40,240 (8.0)
Tundra Swan 486 (1.0)
Coot 18,840 (18.0)
TOTAL WATERFOWL 280,839 (9.2)
Cranes T 2,282 (31.2)

3,020 (41.3) 17,416 (17.3)

o of 1985-89 Average Index for California
2 % Pacific Flyway in Central Valley

Waterfowl that use the Grasslands during the
nonbreeding period either use the Grassland
habitats (1) as a southern terminus for their an-
nual movements or (2) as a stopover site as they
move to or from (e.g., northward staging white-
fronted geese) habitats at more southern locations.
Species such as the cackling Canada goose,
Aleutian Canada goose, lesser snow goose ‘(Anser
caerulescens) and Ross geese (Anser rossii) use the
grasslands as a southemn terminus during their
annual movements (Fig. 10). In contrast species
such as the pintail (Anas acuta), white-fronted
goose, and cinnamon teal (4nas cyanoptera) use
Grassland habitats as a southern terminus but
also as a stopover during movements to wintering
habitats in Mexico (Fig. 11). Waterfow! also breed
in the Grasslands, the most common nesting
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species are mallard (Anas platyrhynchos), gad-
wall (Anas strepera), and cinnamon teal.

Shorebirds

During the past decade there has been an in-
creasing interest in waterbirds other than
waterfowl. Shorebirds represent a group with
high interest to bird watchers. These generally
small waterbirds largely exploit shallowly
flooded wetland habitats with little vegetation
and excellent horizontal visibility. Recent sur-
veys have identified at least 20 species that
regularly use Grassland habitats with numbers
ranging from a single bird of a rare species to
over 100,000 birds of more common species
(Kjelmyr et al. 1991, Table 11). Spring migra-
tion appears to be one of the most important
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Fig. 10. Migratory movements of geese that use the
Grasslands as a southern terminous during winter.

Table 11. Summary of shorebird

Management Area.

B ALEUTIAN CANADA GOOSE

LESSER SNOW GOOSE

ROSS GOOSE

N

Fig. 11. Migratory pathways of 3 migratory waterfowl
that use the Grasslands as a stopover area during
migration or as a southern terminous during winter.

populations surveys (1988-1990 and 1992-1993), Grasslands Wildlife

1988-1990 1992-1993
Species January April September Winter
.Black-bellied plover 582 3,190 653 2,795
Snowy plover 5 21 0 174
Semi-palmated plover 0 286 3 0
Killdeer- 366 211 334 2,517
Black-necked stilt 4,038 3,024 2,634 6,179
American avocet 994 3,068 352 2,050
Greater yellowlegs 351 223 323 1,270*
Lesser yellowlegs 9 57 139 1
Solitary sandpiper 0 1 0 0
Willet 0 6 0 40
Spotted sandpiper 0 1 0
Whimbrel 0 187 0 0
Long-billed curlew 115 31 1,687 1,012
Sanderling ‘ 125 0 0 0
Marbled godwit 0 87 4 121
Western/least sandpiper 11,051 118,778 2,277 19,425
Dunlin 20,007 48,437 25 26,824
Dowitcher spp. 24,733 38,971 3,357 29,922
Common snipe 90 41 10 175
Red-necked phalarope 0 2 13 0
Ruff 0 1 0 0
TOTAL 62,466 216,624 11,812 92,5617
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Fig. 12. Migratory pathways of shorebirds that use
the Grasslands. as a stopover area during migration
or as a southern terminous during winter.

times of the year for shorebird use in the
Grasslands. In part this is related to the timing
of seasonal flooding of Grassland habitats. Most
wetlands are not flooded until late fall and
habitat is unavailable to fall migratory

.shorebirds, which typically begin southward

movements as early as July (Fig. 12). However,
Grassland habitats provide winter habitats to
some shorebirds, including dowitchers, dunlins,
and western and least sandpipers (Table 11).
Peak numbers of shorebirds move northward in
April and May on their way to Arctic nesting
habitats. The abundance of suitable shorebird
habitat in the Grasslands is high in April. Shal-
lowly flooded habitats provide ideal foraging
areas where presumably shorebirds acquire the

. necessary reserves for migration and successful

breeding.

Three shorebirds, American avocet
(Recurivirostra americana), black-necked stilt
(Himantopus  mexicanus), and  killdeer
(Charadrius vociferus), remain on Grassland
habitats to breed. Annual production of young
for these species has been estimated at 1,660
avocets, 2,000 black-necked stilts, and 4,000
killdeers.

Other waterbirds

Grassland habitats also provide important
requirements for breeding, migrating, and
wintering birds that are neither shorebirds or

Table 12. Waterbird use of West Grasslands (West Grasslands 1978).

Average
Type of Average. Estimated number duration of

Group/Species use production Average Peak use(weeks)

" Waterbirds
Pied-billed grebe b,w,fs 60 250 1,000 52
Western grebe w,f 25 100 26
Am. bittern b,w.fs 200 500 1,000 52
Gr. blue heron ' b,w,fs 700 1,000 2,000 52
Snowy egret b,w,fs 100 1,000 2,000 . 52
Great egret b,w,fs 100 300 500 52
Black-crowned night-heron  b;w,f;s 600 2,000 3,000 52
Lesser sandhill w,f 5,000 12,000 26
California gull w,f - 1,000 1,500 26
Ring-billed gull w,f 1,000 1,500 26
Common moorhen . b,w,f,s 600 - 2,000 8,000 52
Sora b,w,f,s 400 400 2,000 52
Black tern wf 200 . 300 26

. Whitefaced ibis w, [ 65 160 26
Subtotals 14,740 35,063

b =breeding, w = winter, f = fall, s = spring
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Table 13. Estimates of bird use other than waterfow! reporte-d in the Grasslénds(\Vest Grasslands 1978)

Average
Type of Average Estimated number duration of

Group/Species use production Average Peak use (weeks)
OTHER MIGRATORY BIRDS
Brewers blackbird b,w.[s 4,000 - 52
Yelow-headed blackbird b,w,f,s 600 52
Redwing blackbird bw,fs 6,000 1,000,000 5,000,000 52
Tricolored blackbird bw,(fs 1,000 ' 52
Starling - bw,(fs 10,000 500,000 2,000,000 52
Burrowing owl b,w,fs - 150 500 800 52
Great-horned owl bw.[s 75 150 52°
Short-eared owl w,f 20 , 26
Marsh hawk bw.fs 300 ’ 600 - 52
Red-tailed hawk bw.fs 100 300 ° 600 52
American kestrel bw,fs 400 1,000 2,500 52
Red-shouldered hawk bw,(fs 20 _ 10 52
Rough-legged hawk w,f 2 . 12 26

- Ferriginous hawk w,f 1 26
Swainson’s hawk bw.fs 60 10 - 50 52
White-tailed ldte bwifs - 70 75 300 - 52
Prairie falcon w,f 2 5] 26
Sharp-shinned hawk w,f 20 40 26

- Golden eagle wfs 6 15 39
Turkey vulturs w,fs 35 : 100 39
Mourning dove bw.fs 3,500 10,000 52
Total 25,900 1,507,325 7,025,204
RESIDENT WILDLIFE
California quail bw,(fs- 250 200 - 400
Ring-necked pheasant bw,(fs . 300 250 500
Total 350 450 900

b =breeding, nesting, brood; w = = wintering; f = feeding;s = summer. Degree of accuracy of these estimates is
unknown and some important species are missing including bald eagle, peregrme falcon, barn owl, marsh

wren, and Cooper's hawk

waterfowl. At least 15 waterbird species other
than shorebirds and waterfowl use Grassland
habitats, 8 of which breed in the area (Table 12).
The most abundant are great blue heron, black-
crowned night-heron (Nycticorax nycticoraz),
comimon moorhen (Gallinula chloropus) and
sora (Porzana caroling).

Other birds

Although populations estimates are lacking
for most other birds, some information is avail-
able for certain groups because of their potential
to cause agricultural depredations or because
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they are threatened or endangered (Table 13).

Raptor abundance and distribution probably are
most complete because a large body size allows
easier identification and census and there is
concern for their status. In contrast, smaller

birds often have secretive habits and are dif-

ficult to census. The most abundant group is
blackbirds which total over 1 million birds on
average with peaks exceeding 7 million.

Threatened and Endangered species
Intensive land ~use has resulted in
widespread changes in numbers and distribu-
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tion, as well as extirpation and/or extinection, of
plants and animals native to California. Some
species have disappeared from the state. In 1990
72 animals and 140 plants were classed as
threatened or endangered. There is concern that
60 additional animals and 600 additional plants
may face serious reduction or extinction
(Department of Fish and Game 1991). Thus,
remaining habitats, especially those of larger size,
are of critical importance in maintaining the
viability of species with decreasing populations.
The Grasslands study area includes habitats
that are identified as having potential value to
threatened and endangered species (U.S. Fish and
Wildlife Service 1990, W. White pers. comm).
Eleven species are listed as endangered by federal
assessmant and include two reptiles, the blunt-
nosed leopard lizard (Gembelia silus) and giant
garter snake (Thamnophis gigas); two birds, the
American peregrine falcon (Falco peregrinus
anatum) and least bell's vireo (Vireo bellii pusil-
lus); and three mammals, the San Joaquin kit fox
(Vulpes macrotis mitica), Fresno kangarco rat
(Dipodomys nitratoides exilis) and giant kangaroo
rat (D. ingens); 3 invertebrates, Conservancy fairy
shrimp (Branchinecta conservatio), longhorn fairy
shrimp (Branchinecta longiantenna), and vernal
pool tadpole shrimp (Lepidorus packardi); and one
plant, Palmate-bracted bird’s beak (Cordylanthus
palmatus). Threatened species according to
federal standards in the study area include two
 birds, the Aleutian Canada goose (Brania
canadensis  leucopareia) and bald eagle
(Haliaeetus leucocephalus); two invertebrates, val-
ley elderberry longhorn beetle (Desmocerus
californicus dimorphus) and vernal pool fairy
shrimp (Branchinecta lynchi); and one plant, Pal-
mate-bracted bird's beak, (Cordylanthus pal-
matus). The U.S. Fish and Wildlife Service and
the state of California also have generated lists of
proposed and candidate species that includes am-
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phibians, reptiles, birds, mammal inver-
tebrates, and plants (Table 14).

The fauna and flora of the Grasslands have
specific requirements that control reproductive
success and survival Collectively, the degree of in-
dividual success determines population size and
fluctuations, as well as extirpations and extine-
tions. Over geologic time, extinctions and extirpa-
tions are common. However, human populations
and their activities have created conditions that
have accelerated changes in native animal and
plant populations and distribution patterns. In
fact, some scientists have stated that the rate of
extinction is higher today than during the period

~when dinosaur extinctions occurred. Foremost

among these perturbations are those that modify
or destroy plant communities and the amount and

distribution of open space. Thus; agriculture and

urbanization are two of the most common threats

associated with human activities that impact

ecosystems and subsequently the size and dis-
tribution of wildlife populations (Murphy 1988,
Warner and Brady 1994).

An understanding of these effects requires
information on habitat requirements and
chronology of use relative to life history events
of individual species. In this report we focus on
waterfowl life history requirements because of
the high interest in this species group by in-
dividuals and agencies associated with the
Grasslands. General requirements for a few
select species other than waterfowl also are in-
cluded. However, it must be remembered that
successful completion of life history events for
any species is dependent on ecosystem condi-
tions. Thus, it is not possible to separate habitat
perturbations from populations dynamics, nor is
it possible to look solely at waterfowl species
without considering other animal and plant as-
semblages.
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Table 14. Pmposed threatened and endangered species in the Grasslands study area of concern to state and

federal agencies.

Taxanomic Status
Group Species ' Federal State
Amphibians : :
California tiger salamander, Ambystoma californiense ' .2 CSC
California red-legged frog, Rana aurora draytonii 1 CsC
Western spadefoot, Scaphiopus hammondii ’ CSC
Reptiles 4 :
Blunt-nosed leopard lizard, Gambelia silus E E
Giant garter snake, Thamnophis gigas E T
Western pond turtle, Clemmys marmorata - 2 CSC
California horned lizard. Phrynosoma coronatum frontale CSC
Silvery legless lizard, Anniella pulchra pulchra CSC
San Joaquin whipsnake. Masticophis flagellum ruddocki CsC
Birds : : ' -
Bald eagle, Haligeetus leucocephalus T E
Peregrine falcon, Falco peregrinus anatum E. E
Aleutian Canada goose, Branta canadensis leucopareia T
Lesst bell's vireo, Vireo bellii pusillus E E
Ferruginous hawk, Buteo regalis 2 CSC
White-faced ibis, Plegadis chihi 2 CsC
Western snowy plover, Charadrius alexandrinus nivosus PT CSsC
Mountain plover, Charadrius montanus 2. CSC
Black tern, Chlidonias niger ' 2 CSC
Long-billed curlew, Numenius americanus 3C CsC
Fulvous whistling duck, Dendrocygna bicolor 2 CSC
Tricolored blackbird, Agelaius tricolor 2 CSC
- California horned lark, Eremophila alpestric actia 2 CSsC
- Loggerhead shrike, Lanis ludovicianus 2 CSsC
Western least bittern, Ixobrychus exilis hesperis 2 CSC
Swainson’s hawk, Buteo suainsoni T
Cooper’s hawk, Accipiter cooperii CSC
Sharp-shinned hawk, Accipiter striatus CSC
Golden eagle, Aquila chrysaetos CSC
Northern harrier, Circus cyaneus CSC
Osprey, Pandion halicetus CsC
Prairie falcon, Falco mexicanus CSC
Merlin, Falco columbarius CSC
Short-eared owl, dsio flammeus CSC
Long-eared owl, Asio otus CSC
Western burrowing owl, Athene cunicularia CSC
Greater sandhill crane, Grus cancdensis tabida T
White pelican, Pelecanus erythrorhynchos CSsC
Double-crested cormorant, Phalacrocorax aurilus CsC
Western yellow-billed cuckoo, Coccyzus americanus E
Willow flyecatcher, Empidonax flasiventris (traillii) E
Yellow warbler, Dendroica petechia brewsteri CSC
35
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Table 14. (cont.) Proposed, threatened and endangered species in the Grasslands study area of concern to stét,e
and federal agencies.

Taxanomic : © Status

Group Species ' Federal State

Mammals
San Joaquin Kit Fox, Vulpes macrotis mutica
Giant kangaroo rat, Dipodomys ingens
Fresno kangaroo rat, Dipodomys nitraloides exilis
Southwestern otter, Lutra canadensis sonorae
San Joaquin antelope squirrel Ammosperimophilus nelsoni
San Joaquin Valley woodrat, Neotoma fuscipes riparia _
San Joaquin pocket mouse, Perognathus inornatus inornatus
Spotted bat, Euderma maculatum
California mastiff bat, Eumops perotis californicus
Arizona myotis, Myotis lucifugus occulius . CSsC
Townsend's western big-eared bat, Plecotus lownsendii lownsendii Csc
Badger, Taxidea taxus CSC

CSC
CSC

001 DO 00 5 = s o o b
@]
wn
Q

Invertebrates . i
Valley elderberry longhorn beetle, Desmocerus claifornicus dimorphus
Conservancy fairy shrimp, Branchinecla conservaiio
Longhorn fairy shrimp, Branchinecta longiantenna
Vernal pool fairy shrimp, Branchinecta lynchi
California linderiella, Linderiella occidentalis
Vernal pool tadpole shrimp, Lepidurus packardi
Plants ‘ )
Palmate-bracted bird's beak, Cordylanthus palmatus
San Joaquin Valley Orcutt grass, Orcuttia inaequalls
Hispid bird's-beak, Cordylanthus mollis ssp. hispidus
Delta button celery, Eryngium racemosum
Colusa grass, Neostapfia colusana )
Merced phacelia, Phacelia ciliata var. opaca
Bearded allocarya, Plagiobothrys hystriculus
Heartscale, Atriplex cordulata 4
Valley spearscale, Atriplex joaquiniana
Slough thistle, Circium crassicaule

wwtogmgmmgm tzj"tg»-—]txjtxj'%
& 1 3

E = Endangered

T = Threatened

PE = Proposed for listing as endangered

PT = Proposed for listing as threatened :

1 = Candidats 1, F\S has information on taxa to support a listing proposal

2 = Candidate 2, listing may be appropriate, but F\WS needs additional information to support any listing
3A = Species considered extinct

3B = Taxa no longer regarded as separate subspecies

3C = Taxa found to be more abundant than previously believed.
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FUNCTIONAL ASPECTS OF TH.E GRASSLAND ECOSYSTEM

To understand the impacts of land use on
wetland communities, a conceptual framework
of wetland values and functions is essential.
This section describes the intricacies of wetland
habitats and the complexities animals face in -
meeting life history requirements.

WETLANDS: A CONCEPTUAL
PERSPECTIVE.

Wetlands are best described as transitional
habitats between aquatic and terrestrial sys-
tems where the water table usually is at or near
the surface or the land is covered by shallow
water (Mitsch and Gosselink 1993:25). Wetlands
are characterized by having one or more of the
following attributes: (1) at least periodically, the
land supports predominantly hydrophytes
(plants adapted to flooded conditions), (2) the
substrate is predominantly undrained hydric

Agriculturs; herbicides
pesticides, sediments

HYDROLOGY

Urban development;
runoff, sediments T

Obstructions; levees,
roads, dams

soil, and (3) the substrate is nonsoi and is
saturated with water or covered by shallow
water at some time during the growing season of
each year. Wetlands classed as palustrine are
the most common type in the Grasslands
(Cowardin et al. 1979). Dynamic changes among
seasons and years are characteristic of all wet-
lands where organic material, nutrients and
energy flow into and from the system. Within
the study area, the California Prairie surrounds
the floodplain and is interspersed among depres-
sions that are characterized as vernal pools,
sloughs, and other wetland habitats. Uplands
surrounding wetlands are integrally linked to
the wetland basin or system. A conceptual
model of wetlands (Fig. 13) depicts important
biotic and abiotic components related to habitat
-values and functions of importance to wildlife.
These components are surrounded by a dotted line

WATER
CHEMISTRY

GROUND
WATER

VEGETATION

MAN'S IMPACTS
: COMMUNITIES

Management; flooding,
farming, etc.

Disturbancs; hunting,
birdwatching, research and

AMPHIBIANS
& REPTILES

management activities

Fragmentation; smaller wetland
size, isolated wetland parcels,
corridors for movement
eliminated for some species
but established for others

e i B T

PREDATORS

INTERNAL BlQTlC FACTORS

DY |

PATHOGENS UPLAND SPECIES

EXTERNAL BIOTIC FACTORS

Fig. 13. A conceptual wetland model. The dotted line indicates the indistinct boundary of a wetland and
suggests that energy and nutrients {low into and from the wetland. .
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to indicate the transitional nature of wetlands
and to suggest nutrient transport into and from
the system. In this model the wetlands in
Merced County are used as an example of the
important wetland ecosystem components be-
tween the Coast Range and the Sierra Nevada
before development. Factors that influence these
components fall into two distinct groups; Abxomc
(non-living) and Biotic (living).

Abiotic Factors

Abiotic factors (e.g., physical and chemical)
include hydrology, ground water, soils, climate,
fire, and' water chemistry. Foremost among
these factors is hydrology because the time,
duration, and depth of flooding not only control
productivity of plant communities but also
determine the value of habitats for myriad
wildlife. Historically the hydrology in Merced
County was influenced by flooding events that
fall into two general categories: within Valley
rainfall that occurs primarily in winter, and
melt water from Sierra Nevada snowpack that
primarily occurs in spring (Ogden 1988, San
dJoaquin Valley Drainage Program, 1990). The
combination of these events created dynamic
flooding conditions within Grassland wetlands.
Wetlands at low elevations within the
floodplain of the San Joaquin River had a high
flood frequency whereas wetlands at higher
elevations flooded less frequently.

The complex interactions among hydrology and -

climatic factors determine soil and water
chemistry (e.g., salinity), which in turn influence
plant community establishment and productivity,
decomposition and nutrient cycling in Grassland
wetlands. These factors directly influence the
amount and type of food and cover available
during the annual cycle of waterfowl and other
wildlife,

Other factors ' strongly mﬂuencmg \\etland
dynamics are related to mans’ activities and in-
clude: agriculture practices; developments for ir-
rigation and urban water; construction of roads,
levees, and canals; wetland and wildlife manage-
ment practices such as flooding, drawdowns. and
farming; and urbanization and industrial develop-
ments (Fredrickson and Reid 1990). Agricultural
practices have many impacts resulting in
sedimentation, soil subsidence, accumulations of
herbicides, pesticides, and fertilizers, pollution of
agricultural drainwater with soils concentrations
of elements such as selenium and boron. In
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Califomia human impacts that compromise
wetland values and functions are as diverse, ex-
tensive, and intensive, if not more so, than those
that occur in other states.

Biotic Factors

Biological factors, such as disease, predation,
and competition, exert important influences on wet-
land community dynamics and productivity, which
directly or indirectly influence waterfow! and other
wildlife.

Components of wetland communities closely as-
sociated with wildlife use are: plants (algae, peren-
nials, annuals), wetland macroinvertebrates, and
decomposing vegetation. The dynamic interactions
among bioti¢ and abiotic components provide a
basis for understanding land-use impacts on
California’s wetlands, thereby identifying oppor-
tunities to protect, restore and manage these im-
portant habitats. These different components have
varying roles in providing food and cover for wet-
land wildlife. Each plant has its specific role or

value in a wetland that is highly variable depend-

ing on the time of year and stage in the life cycle of
the plant or animal Some plants only provide food,
others provide both food and cover and some play a
major role only as cover. Additionally, plants are of
critical lmportance in the nutrient dyna.rmcs within
wetlands.

ALGAE AND DUCKWEED

Although poorly studied, algae and duckweeds
respond quickly to readily available nutrients in
the water column and can account for a large
proportion of annual productivity. There is good
evidence that algae plays an important role in
tying up reachly available nutrients thereby
preventing export from wetland basins. Further-
more, algae are an important component in the
decomposition process. Immediately after plant
litter accumulates, algae colonize living and dead
material and play a key role in conditioning the
litter for macroinvertebrates. Algae serve as a

source of food for many invertebrates and for some

vertebrates as well (Euliss and Grodhaus 1987).
For example, species such as American coot
(Fulica americana) and gadwall readily consume
algae.

ANNUAL MARSH VEGETATION

Annual vegetation characteristically is as-
sociated with portions of wetland basins that ex-
hibit seasonal water fluctuations. Ephemeral,
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temporary, and seasonal wetlands, as well as
higher elevations in semipermanent wetlands
that are exposed during the hottest and driest
portions of the year, typically have a
predominance of annual vegetation.

Some of these annual plant species always
are associated with wetlands, whereas during
drier seasons or at the highest elevations within
a basin annual vegetation classed as terrestrial
is most likely to develop. ,

Common annual wetland plants in the
Grasslands include watergrass (Echinochloa spp.),
smartweeds (Polygonum spp.), swamp timothy
(Heleochloa schoenoides), and sprangletop (Lep-
tochloa spp.). Annual plants are particularly im-
portant as seed producers and species that have a
complex plant structure such as smartweed also
provide important substrates for aquatic inver-
tebrates once they are flooded (Severson 1987).

PERENNIAL MARSH VEGETATION

Cattails (Typha spp.), hardstem bulrush
(Scirpus acuta) and alkali bulrush (S. robustus)
are typical examples of perennial marsh vegeta-
tion with a ubiquitous distribution in Grassland
wetlands. Such robust plants serve a particular-
ly valuable role in providing breeding habitat
and cover for waterfowl as well as other water-
birds. The robust structure of these plants
provides. materials for nest construction, sites
for nest attachment, cover from predators, and
largely determine the cover/water interspersion
that provides seclusion for pairs. This robust
vegetation also provides important cover for
broods. During other times of the year when
weather conditions are harsh, tule marshes
provide protective cover that appear to give
birds a “thermal advantage”’. However, too
much robust vegetation is undesirable. When
dense - monocultures of robust vegetation
develop throughout a marsh system, the wet-
land loses value and use of the basin by water-
birds declines.

Some perennial marsh plants, such as
hardstem and alkali bulrush, produce foods of
value to wildlife. In contrast, some species
produce abundant seed that is of little. or no
value as a food source for vertebrates because
the seeds are too small or have a hard seed coat.
Hard seeds are difficult to digest and often pass
through the digestive tract intact (Buckley
1989). However, the underground parts and
some fleshy plant material of these species may
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be used by some avian grazers (e.g., geese),
muskrats and beaver.

- Perennial marsh plants produce a tremendous
amount of biomass annually. In prairie marsh Sys-
tems cattails may produce 12 tons/acrefyear. In
most areas of California, these marsh plants
senesce because of seasonal environmental condi-
tions related to droughts or climate. Following
senescence, this robust litter serves as an impor-
tant nutrient source for certain invertebrate com-
munities (e.g., substrate, food). :

INVERTEBRATES

California’s wetlands provide many habitat
niches for invertebrates, which are important
foods.for mdny wetland wildlife. Furthermore,
invertebrates play an important role in decom-
position and nutrient cycling processes (Mer-
ritt et al. 1984, Reid 1985, Magee 1993, Fig.
14). Invertebrates have myriad life history
strategies that allow them to exploit such
diverse habitats as bottom substrates; submer-
gent, floating and emergent vegetation; leaf
litter from herbaceous and woody vegetation;
accumulated organic matter; and the water
surface (Minshall 1984, Fredrickson and Reid
1988a). Each habitat type has a distinctive in-
vertebrate community that is adapted to the
characteristic hydrology, vegetation structure,
and water quality of the wetland basin. Be-
cause invertebrates are so abundant and serve
as an important source of protein, they provide
a critical nutrient link- between detrital
resources, plant community structure and
wildlife (Batema et al. 1985). In the
Grasslands, swamp timothy and watergrass
provide habitats for invertebrate groups of im-
portance to wildlife (Severson 1987).

Adaptation and response to natural
hydrological regimes

Short and long-term hydrologic regimes have
shaped the life history strategies of wetland
macroinvertebrates. These strategies are based
on adaptations of macroinvertebrates to tolerate
or avoid drought. Adaptations that have evolved "
as a result of long-term hydrologic cycles require
one or more of the following characteristics: (1)
the ability to withstand drought in the egg,
pupal or larval state; (2) rapid growth: (3) the
ability to produce numerous offspring; (4) the
ability to complete the life cycle within one vear
and (5) high mobility.
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Fig. 14. Invertebrate functional groups associated with herbaceous seasonal and perennial marshes in the

Grasslands.

The ability to withstand drought is an im-
portant characteristic shared by many macro-
invertebrates that are common in Grassland
wetlands (Reid 1985, Fredrickson and Reid
1988). Understanding life history strategies is
_ important to predict how perturbations might
impact invertebrate populations and their
functional role in wetland systems. Several in-
vertebrate groups including flatworms; fairy,
clam and seed shrimp; water fleas; mayflies,
mosquitoes; phantom midges; and marsh flies
all represent species with drought resistant
egg stages. In contrast, oligochaete worms
may use muscosal secretions to survive
drought,
resist drought by aestivating in cocoons.
Fingernail clams rely on their shell to resist
dessication, but also burrow into the wet litter
layer to avoid predation, disease and drought.
Isopods and amphipods have no morphological
adaptations to resist drought, but will aes-
tivate as adults and appear to find adequate
moisture during the dry season within the
deeper litter layers or in refugia that remain
flooded.

Because of the dynamic nature of the flood-
ing regimes in Grassland wetlands, macroinver-
tebrates that grow rapidly while water and

10

whereas chironomid. larvae often.

nutrients are available have an advantage. Fur--
thermore, producing large numbers of offspring

and completing the life cycle within a year allow
for greater success for each species. When water
levels decline, species that cannot tolerate
drought must be able to avoid dry conditions.
Thus, species that avoid drought successfully
often are highly mobile; either moving to deeper
water or emigrating from the basin. Beetles and
hemipterans. in- particular, respond well to
drawdowns by having an aerial dispersal to
more permanent waters (Fredrickson and Reid
1988).

Although long-term hydroloouc cycles in-
fluence adapmve strategies ‘of invertebrates,
their occurrence, growth and reproduction at
any given time is determined by ‘short-term
water regimes and abiotic and biotic factors. The
presence of wetland macroinvertebrates in
newly flooded wetlands is apparent soon after
inundation by floodwaters. Peaks in abundance
are often dramatic and short-lived as inver-
tebrates respond to fluctuating water levels and
nutrient inputs. This general response of “puls-
ing” by invertebrate populations, although vari-
able among vears and habitat types, is typical of
invertebrates that exploit fluctuating waters
and nutrient rich detrital resources. Nutrients
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and organic matter are rapidly leached from leaf
litter and detritus upon initial contact with flood
waters. This leaching results in rapid increases
in nutrient concentrations in standing water.
Waterfowl that exploit macroinvertebrates as
food resources are influenced by these dramatic
invertebrate pulses. Thus waterfowl numbers
and distribution during certain portions of the
annual cycle partially reflect the abundance,
availability and distribution of macroinver-
tebrates.

'VERTEBRATES

Vertebrates are the most obvious and best
understood members of wetland communities.
They tend to have large body sizes compared to
invertebrates and represent consumer groups at
the upper end of the food chain (Fig. 15). Water-

Large
Raptors
Herons

Carnivores
gt

birds represent the most visible vertebrate com-
ponent because, in addition to a large body size,
many species exhibit bright colors, high
mobility, interesting behavior including songs
and calls, and diurnal activity. In addition many
birds often form large concentrations during
winter or migration that regularly attract public
attention. The most adaptable waterbird group
is waterfow]l because they fill many niches in
wetlands; some primarily are herbivores, some
are omnivores, while others are carnivores. '
Frogs, toads, and snakes tend to be smaller
than many waterbirds and are less mobile. Ap-
parently amphibians are less adaptable to
changing conditions or modification in wetland
environments because their numbers have
dropped precipitously at many locations across
the continent. This group usually is less visible
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Fig. 15. Trophic pyramid of Grassland wetlands.
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than birds because they tend to be nocturnal,
only vocalize during the breeding season, and
remain buried in mud, under water or in dense
cover for most of their life cycle.Some reptiles
(snakes and turtles) have been severly impacted
by wetland loss and modification. The giant
garter snake is an example of a federally listed
threatened species present in the Grasslands.
Fish are the other cold blooded vertebrates
found in wetlands; but their abundance is
limited in the seasonal wetlands, of the San Joa-
quin Valley. L

Although mammals require water as a basic
life requisite, few have completely adapted to
aquatic environments (Weller 1987). The most
abundant forms are herbivores such as
muskrats and beaver. By comparison, car-
nivores are not abundant, but their predatory
habits may have an important influence on
other animal populations by influencing breed-
ing success or mortality rates of young animals. -

Vertebrates serve as the “canaries” in wet- °

land systems. Their numbers, distribution, and
reproductive success are indicators of wetland
conditions. For example, listing of the giant
' garter snake suggests that some important
habitats required for life history success have
been compromised in the Grasslands. The dis-
tribution, size and fecundity of the less mobile
vertebrate populations are the most sensitive in-

dicators to changing wetland conditions, but °

many of these species are so poorly understood
that detecting changes in populations or dis-
tribution is difficult. Birds serve as more obvious
indicators of changing conditions because their
numbers and distribution are much easier to
document.

Birds are important consumers in the
Grasslands study area. The abundance of
herons and raptors is low compared to other bird
groups because they are at the top of the trophic
pyramid (Fig. 15). Ducks and geese are classed
as primary and secondary consumers; whereas
shorebirds are secondary consumers because
they are predominantly carnivores. Because
waterfowl have been so well studied, they will
serve as a model to describe their role in the
wetland system.

Waterfow! Life History Strategies
Waterfow]l are well adapted to exploit the

dynamic wetland and wupland habitats as-

sociated with the Grasslands. Compared to

SPRING
MIGRATION
WINTER
MOLT
REPRODUCTION
FALL SUMMER
MIGRATION MOLT

~_ -

Fig. 16. The five major life cycle events of a
typical dabbling duck such as a pintail.

other birds, waterfowl have large body sizes.
Geese and swans are largest, and ducks are
smallest (Bellrose 1976). Ducks vary consider-
ably in size from the largest, such as mallards,
to the smallest in North America. the teal. The
large body size enables waterfowl to store a con-
siderable amount of energy and/or protein that
can be readily used for future needs. Thus, body
size alone has an important influence on flight
distances, fasting time, and thermal regulation.
Furthermore, waterfowl are highly mobile and
can move long distances in short time periods.
This high mobility allows waterfowl to effective-
ly exploit wetland habitats across the continent.
For example, geese that breed in the far north
migrate to the Grasslands for the winter where

- they use open habitats with good forage.

Waterfowl life history requirements occur as
a continuum of events that overlap and are inter-
dependent, and require diverse foods and cover
(Fredrickson and Reid 1988b). A typical dabbling
duck, faces five major energetic events during
the annual cycle (Fig. 16) including reproduction,
2 molts, and 2 migratory periods. To successfully
complete each of these events there are specific
behavioral, physiological, habitat, and/or nutri-
tional needs that must be met (Fig. 17). For ex-
ample, the dietary needs for molt and migration
are quite different (Fredrickson and Reid 1988b).
Because feathers are high in protein, replace-
ment requires large amounts of protein. In con-
trast, migration is an energetically expensive
event that requires large lipid accumulation.
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Fig. 17. The continuous sequence of events in the life cycle of a typical female dabbling or diving duck.

Thus, the foods necessary to complete both

events tend to be somewhat different. A com-
plicating factor in this senario is that molt and
migration may overlap (Alisaukas and Ankney
1992). Thus, food and other components (e.g.,
habitat structure) necessary for both events
must be available concurrrently. ’

Each waterfowl species that uses Grassland

habitats has a somewhat different life history
strategy (Fig. 18). These strategies range from
arctic nesting geese that acquire necessary
reserves on migrating and wintering habitats
to the ruddy duck which primarily acquires
necessary reserves on the' breeding grounds
(Owen and Reinecke 1979, Alisaukas and
Ankney 1994). The locations where arctic nest-
ing geese acquire the different components for
breeding varies by species and population
(Krapu and Reinecke 1992), but habitats out-
side the breeding area are important. Environ-
mental conditions in different seasons and on
widely separated habitats may have an impor-
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tant influence on the success of sequential ac-
tivities in the annualcycle of waterfowl.

Mallard strategies differ from strategies of
arctic-nesting geese. Most of the lipid reserves

Arctic
nesting " Wood  Ruddy
“goose  Mallard  duck duck
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Firg. 18. Life history strategies of selected waterfowl
showing when lipids and proteins are acquired -
from Grassland habitats.




and as much as half of the protein required for
reproduction in mallards are transported to the
breeding ground as body reserves (Krapu and
Reinecke 1992). Wood ducks (dix sponsa) and
- ruddy ducks (Oxyura jamaicensis) differ from
mallards and geese because they acquire lipid
and protein for reproduction primarily from
breeding habitats. However, wood ducks acquire
lipids prior to laying but rely on daily foraging
for acquisition of all protein requirements (Drob-
ney 198Q0). :

 Understanding these different strategies and
the timing of these needs is important because
land-use activities that compromise the size and
quality of habitats can differentially effect the
reproductive success of individual species (Ravel-
ing and Heitmeyer 1989, Nudds 1992).

Northern pintails are one of the most abun-
dant species using Grassland habitats. Pintails
either use the Grasslands as a southern terminous
or continue into Mexico for winter. During their
stay in the Grasslands, more than one event may
occur concurrently (Fig. 19). Pintails as well as
other dabbling and diving ducks have constantly
changing nutritional requirements depending
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.

-----
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.....

Apr

: . Feb
Fig. 19. Annual cycle of the northern pintail.
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upon the stage in the annual cycle (Table 15,
Connelly and Chesemore 1980, Miller 1987,
Krapu and Reinecke 1992, Alisaukas and
Ankney 1992, Fredrickson and Heitmeyer1991).
These diverse and constantly changing nutri-
tional requirements must be met by exploiting
diverse wetland habitats where the mix of plant
and animal foods are readily available.

In the Grasslands, meeting this challenge re-
quires attention to size and distribution of wet-
land habitats. Because no single wetland can

_provide all the energetic and environmental re-

quirements for a single species during the annual
cycle nor can a single wetland type provide re-
quirements for a group of species, each acre of
habitat in this disrupted landscape is important.
These interrelationships among habitats to pro-
vide critical resources emphasize the importance
of all habitats in western Merced County that

~ surround the Grassland Water District. Wetland

habitats are critical, but agricultural lands such
as pastures and cereal grain fields are impor-
tant in California because they add open space
and foods required to successfully complete the
annual cycle successfully.
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Table 15. Genersl changes in nutritional requirements during the annual cyele of wate rfowl.

Specific needs

Life stage General needs Geese/Swans Dabbling ducks Diving ducks
Premigration High Energy Plants-browse Plants-seeds Plants-Aquatic tubers
Aquatic tubers Macroinvertebrates
Spring High Energy Plants-browss Plants-seeds Plants-Aquatic tubers
Migration Aquatic tubers Macroinvertebrates
Prebreeding High Protein Plants-browse Macroinvertebrates Macroinvertebrates
' v Aquatic tubers
Egg Laying High Protein Plants-browse Macroinvertebrates Macroinvertebrates
' Aquatic tubers
Brood rearing High Protein Plants-Browse Macroinvertebrates Macroinvertebrates
Early Aquatic tubers
Brood rearing High Energy Plants-Browse 'Plant;-seeds ) Plants-Aquatic tubers
Late Aquatic tubers :
Summer molt High Protein ~ Plants-browse Macroinvertebrates Macroinvertebrates
: ~ Aquatic tubers
Fall staging High Energy Plants-Browse Plants-seeds . Plants-Aquatic tubers
migration _ Aquatic tubers Macroinvertebrates
Pairing High Energy Plants-browse Plants-seeds Plants-Aquatic tubers
‘ Aquatic tubers Macroinvertebrates
Winter molt High Protein N/A Macroinvertebrates Macroinvertebrates
45
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agriculture, grazing,

CURRENT KNOWLEDGE CONCERNING HABITAT
FRAGMENTATION AS APPLIED TO THE GRASSLANDS
STUDY AREA IN MERCED COUNTY

RATIONALE FOR CONCERN OF
CONTINUED FRAGMENTATION/LOSS

'‘OF OPEN SPACE AND HABITAT IN

WESTERN MERCED COUNTY

Historically, disturbed areas were sur-
rounded by large areas of natural habitats and
animals simply had to move around these small
areas of disturbance (Csuti 1991). Today, the
situation is reversed. Human impacts occur
across the landscape and often represent the
major land use in many geographic areas of the
country, including the Central Valley of Califor-
nia. Such impacts are diversé and include
and mining, as well as
transportation and utility networks, cities, and
industrial areas. Many of these land uses have
long-term, if not permanent, impacts that tend
to isolate native habitats. As large blocks of con-
tiguous habitats become segmented into smaller
isolated parcels, any given parcel eventually
reaches a size that cannot support viable
populations of certain plants or animals and the
final result can be local extirpation or eventually
extinction (Wilcove 1987). Thus, many areas

that once supported a diverse flora and fauna -

now only contain remnant populations of native
species.- As a result, an increasing number of
scientists are reaching the conclusion that
“habitat fragmentation is the most serious
threat to biological diversity and is the primary
cause of the present extinction crisis” (Wilcox
and Murphy 1985:884). As natural areas con-
tinue to be disrupted by ‘human activities,
animal and plant populations become isolated in
“island habitats” where genetic inbreeding,
depredation of large species, and proliferation
and domination of human-adapted species all
interact to Increase rates of extinction (Cutler
1991). An example sometimes used to illustrate
the potential impacts of fragmentation, loss, and
isolation of habitats are the declining popula-
tions of animal species on lands administered by
the National Park Service. Forty-two species of
native mammals have become extirpated on
lands forming 14 parks even though these
species were present when the parklands were
established and they were protected thereafter

Grassland Habital Preservation Report

from direct harm from humans and develop-
ment (Chadwick 1991). Extirpated species in-
clude badger (Taxidea taxus), black bear (Ursus
americanus), red fox (Vulpes vulpes), northern
flying squirrel (Glaucomys sibrinus), beaver
(Castor  canadensis), gray fox (Urocyon
cinereaoargeteus), spotted skunk (Spilogale
putorius), ermine (Mustela erminea), mink
(Mustela vision), and river otter (Lutra canaden-
sts). The degree of negative impacts relating to
continuing habitat fragmentation and loss is dif-
ficult to determine, but a recent study suggests
that California alone may have 220 animal and
600 plant species threatened with serious reduc-
tion or extinction (Chadwick 1991). Although
the exact cause of such declines in species diver-
sity is not scientifically known, habitat fragmen-
tation and isolation surely must be considered
as important factors.

The importance of maintaining the integrity
of the lands composing the Grasslands study
area has not been fully quantified. Scientific
evaluation and study of the short- and long-term
impacts of habitat fragmentation on ecosystem
functions is in its infancy. However, several per-
tinent statements can be made concerning past
efforts at protecting species. First, we have
learned that trying to maximize species diver-
sity on every acre is not the solution (Samson
and Knopf 1982). Second, it is inefficierit to save
selected species while allowing the natural com-
munities and ecosystems that support them to
deteriorate (Scott et al. 1991). Recent estimates
(Erwin 1988; Wilson 1988) indicate there are
more than 30 million species on earth, but a
quarter of them may not survive to the year
2010 (Norton 1988). Most are insects that play
critical roles in the function of natural ecosys-
tems (Wilson 1987). Thus, the species approach
to conserving biological diversity in the absence
of habitat conservation is likely to fail (Hutto et
al. 1987). For example, even though the federal-

‘ly endangered Aleutian Canada goose uses

habitats within the Grasslands study area. our
efforts should not be directed solely at providing
what is perceived to represent suitable habitat
for this species to the exclusion of all other

47




species. We simply do not understand the syner-
gistic interactions among abiotic and biotic fac-
tors that wultimately determine habitat
characteristics. Thus, our efforts may fail if the
system is not considered in its entirety. Finally,
many human-related losses of biological diver-
sity have been the result of simplistic notions of
ecosystems and ecosystem processes (Cooper-
rider 1991). Often we assume that human in-
genuity can diminish any impacts that change
the landscape. Appreciation of the complexity of
ecosystems will hopefully discourage the use of
quick-fix, high-technology solutions without
knowledge of their long-term impacts.

THE ROLE OF ISLAND BIOGEOGRAPHY
THEORY IN MAINTAINING THE
ECOLOGICAL VALUE OF THE
GRASSLAND STUDY AREA

Although much site-specific information con-
cerning the dynamic processes that govern
habitat dynamics within the Grasslands is lack-
ing, some general principles concerning habitat
fragmentation undoubtedly apply. These prin-
ciples must be incorporated into any decisions
that may fragment or otherwise affect (e.g.,
habitat loss or degredation) the Grasslands.
Foremost is the theory of island biogeography
(MacArthur and = Wilson | 1967). Although
originally applied to islands in the ocean, this
theory has been applied successfully in cases
where habitat “islands” are represented by iso-
lated natural areas amid disturbed landscapes
in the interior United States. Thus, the theory of
island biogeography is applicable when con-
sidering potential fragmentation and habitat
loss in the Grasslands. The primary tenet of is-
land biogeography is the species/area rule; large

geographical areas support a greater diversity

and density of species than small geographic
areas. Further, smaller islands exhibit a marked
decrease in species diversity over time. A second
tenet of island biogeography is the relationship
between degree of isolation and diversity; the
greater the isolation, the less the flora and
fauna on an island have in common with the
nearest similar communities. In general, if two
“islands” are similar with the exception that one
island is only one tenth as large as the other,
the smaller island may be expected to hold only
about half as many species and often far fewer
(Waller 1991).
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Although the statement that “the larger the
area the greater the diversity and density of
species” appears simplistic, there are underlying
principles that tend to support the aforemen.
tioned tenets of island biogeography. First, the
larger the geographic area, the greaterthe prob-
ability of encompassing a diversity of habitat
types and microclimates that can support a
diverse flora and fauna. This is particularly ap-
plicable in the Grasslands, which if viewed in a
cursory’ manner, appears to be relatively
homogenous in relation to topography and
habitats. However, if examined meticulously,

variations in plant communities: and basin

topography are evident within and among the
lands east and west of the San Joaquin River
and north and south of Highway 152. These
variations largely may account for the differen-
tial use of waterfowl and other wildlife among
the different regions composing the Grasslarnds.
Second, the smaller and more isolated the
geographic area, the greater the chance for ex-
tinction because: (1) isolated populations of
species lack the genetic flexibility to cope with
changes in the environment and their -vul-
nerablity worsens as undesirable traits accumu-
late through .inbreeding, (2) the  greater the
isolation the lower the probability that new in-

- dividuals from other populations will immigrate

into an area, and (3) natural catastrophic events
(e.g., floods) can destroy a small island as well
as entire populations of associated species.

The main principle of island biogeogrphy
with regard to the optimum size of a contiguous
land base has been summarized by Waller

(1991):

“We cannot tuck species away in little preser-
ves, as if we were storing pieces in a museum.
The essence of life is change. Organisms are
constantly growing, interacting, adapting,
evolving. Their numbers - and distribution
across the landscape fluctuate in cycles linked
to climatic patterns and to other less under-
stood rhythms. They are defined as much by
their place in focd webs and nutrient flows as
by their own physical traits or any current
geographic location. Many alter their range
and behavior under different conditions. Some
assume entirely new behavior through learn-
ing. In short, an ecosystem is not a collection
of plants and animals. It is a seamless swirl of
communities and processes. If the processes
are not saved, the parts cannot be saved.
Thus, if a preserve is to be created, it had bet-
“ter be a large one”.
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Although the “bigger is better” theory of is-
land biogeography has been proven in several
cases, the answer to “how big an area is needed”
still remains ambiguous because of our lack of
understanding concerning ecosystem processes
and functions. However, many areas designated
primarily for the purpose of protecting
habitat/species are now known to be too small.
For example, the oldest and largest national
park in the West, Yellowstone, is not large
enough to contain viable populations of many
species, thus necessitating the need for manage-
ment based on the “Greater.Yellowstone Ecosys-
tem” (Clark and Zaunbrecher 1987). Further, a
number of national wildlife refuges with well-
managed wetland habitat have become poor
producers of waterfowl and other aquatic birds
because so many eggs, nesting females, and
young are taken by predators. (Waller 1991).
The general public views these areas ad-
ministered by Federal and State agencies as suf-
ficient to maintain biological diversity. However,
none of these areas are large enough to protect
all the migratory species that use it. Regardless,
such areas often are managed as if they existed
in isolation. Surrounding seminatural lands are
exploited for resource production at the expense
of the substantial natural diversity they support
(Cooperrider 1991). Such is the case in the
Central Valley. The complex of national wildlife
refuges (Kesterson, Merced, San Luis) cannot
preserve or maintain a functioning ecosystem
that supports a diverse biota on only 23,000
acres. In general, current preserve systems in

‘the United States are of limited effectiveness by

themselves because: (1) most were not estab-
lished to preserve biological diversity (Block-
stein 1989), (2) many preserves are not large
enough to maintain viable populations of target
species, much less self-sustaining ecosystems;
and (3) no preserve is truly pristine or totally
protected. ‘Air pollution, exotic plants and

animals, polluted water, and other “nonnatural”

elements cross preserve boundaries as readily as
they cross county lines (Cooperrider 1991).
Rather, the integrity of the ecosystem and its as-
sociated value to wildlife is largely dependent on
privately owned lands that constitute the
majority of the Grasslands Study Area. In fact,
it is widely recognized among resource agencies
that private and multiple-use lands will be criti-
cal to conserving biodiversity. Some scientists
have even stated that such lands.are more im-
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portant than parks and preserves (Norse et al.
1986; Wilcove 1988). How much destruction or
degradation, if any, can occur before the "health”
of the Grasslands is significantly impacted is
unknown. However, past experience has shown
that once the damage is done it is difficult, if not
impossible, to reverse and repair. Therefore, any
proposed alteration to the existing land base
composing the Grasslands must be evaluated
prior to implementation. Of particular concern
is the planned urban encroachment that would
further separate the north and south
Grasslands into separate entities. Not only
would new housing construction potentially im-
pact the functioning of the current ecosystem,
but the associated sewage treatment facilities,

" roads, powerlines, and domestic animals also

represent important impacts. For example, boat
and automobile traffic is the number one
habitat-fragmenting force and the primary
cause of human-related mortality for all of
Florida's large threatened and endangered
species (Harris and Frederick 1990); powerline
strikes are major source of mortality of sandhill
cranes in the San Luis valley of Colorado and of
mute swans in Britain (Ogilvie 1966); domestic
pets are known to seriously impact nesting suc-
cess of many bird species; and the use of sewage
effluent in wetland management can have dif-
ferential effects on natural plant and animal
communities depending on trophic level, type of
nutrient enrichment, and stage of ecosystem
development (Carson and Barrett 1988, Levine
et al. 1989).

THE ROLE OF CORRIDORS IN
MINIMIZING THE IMPACTS OF
HABITAT FRAGMENTATION AND ROLE
OF CORRIDORS

Many of the most significant human effects
on biodiversity involve changes in the connec-
tivity - of biological processes (Noss - 1991).
Human activities may either reduce or increase
connectivity. The consequence of some
landscape modifications induced by humans
have resulted in the creation of artificial bar-
riers that hamper species dispersal (both plants
and animals). The ultimate impact of creating
such a barrier is the potential isolation of
populations which become more vulnerable to
extinction because of reduced access to resour-
ces, genetic deterioration, and increased suscep-
tibility to environmental catastrophes and
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demographxc acmdents among other problems
(Harris 1984; Soule 1987). However, in other
cases, human modification of the landscape have
effectively eliminated natural barriers (Noss
1991). Although this may be viewed as benefi-
cial, often degradation of natural barriers is
detrimental Floras and faunas that once were
distinct and endemic can become dominated by
unwanted exotics and cosmopolitan weeds (Noss
1991). The two most prevalent causes of such in-
vasions are human transporation systems that
facilitate the spread of certain species far
beyond their natural dispersal capacities and
habitat modification that favor weedy invaders
(Elton 1958; Mooney and Drake 1986). The end
result of this process is a homogenization of
floras and faunas (Noss 1991). What is of critical
importance is the fact that organisms differ in
their dispersal abilities (Noss 1991). Thus,
whether a given barrier alters species dispersal
from one habitat island to another is dependent
upon the life history of individual species (Mac-
Arthur and Wilson 1967). The same road that
restricts movement of certain animal species
may encourage movement of others. Likewise,
certain types of corridors, whether created or
maintained, could become avenues for the
spread of exotic or pest species or lead to min-
gling of communities that normally would
remain separate and intact. As a consequence, it
is critical that the dimensions of the corridor
linking the north and south grasslands be con-
sidered carefully, lest significant ecological im-
pacts occur that are irreparable.

FACTORS IMPORTANT IN
DETERMINING APPROPRIATE
CORRIDOR DIMENSIONS

The role of corridors in preserving ecosystem
functions is difficult to assess because little
quantitative information exists. This s
evidenced by the variety of definitions that have
been applied to the term “corridor”, including
(1) a linear landscape feature that facilitates the
biologically effective transport of animals be-
tween larger patches of habitat dedicated to con-
servation functions, including frequent foraging
movements, seasonal migrations, or the once-in-
a-lifetime dispersal of juvenile animals (Soule
1991), (2) any area of habitat through which an
animal or plant propagule has a high probability

of moving (Noss 1991), and (3) any naturally oc- _

curring or restored linear landscape feature that

connects 2 or more larger tracts of essentially
similar habitat and functlons as either a move-
ment route for individuals or an avenue for the
spread of genes or other natural ecological
processes across the landscape (Harris and At-
kins 1991). Based on these definitions, the
primary. difference between a corridor and
habitat is that corridors provide only life requi-
sites necessary for travel, whereas habitats pro-
vide all life requisites. Regardless of definition,
it is known that natural landscapes are basical-
ly interconnected and that connectivity declines
with human modification of the landscape
(Godron and Forman 1983; Noss 1987a). Fur-
ther, it has been proven that fragmentation does
impaet natural processes, and these impacts can
sometimes be devastastating (Wilcove et. al
1986). Although no irrefutable proof exists that
corridors are essential to preserving the value of
remnant habitats, it is known that fragmenta-
tion and isolation of habitats is not beneficial.
From our perspective, definition (3) is the best
approach to viewing the corridor linking the
north and south Grasslands and east and west
Grasslands because it embodies connectivity of
large tracts of land for the purpose of providing
transitional  continuity among habitats. Too
often humans view habitats as separate entities.
whereas in reality they are interacting, func-
tional components of the landscape ecosystem
(Noss 1987b). If processes integral to the
functioning of the system are disrupted, the en-
tire system may collapse even though they ap-
pear physically connected. Thus, connectivity of
process is just as important as connectivity of
habitat (Noss 1991). A prime illustration is the
role of fire in the pinelands of the Gulf coastal
plain (Noss and Harris 1989): “Fires periodically
burn down gradual slopes and prune back wet-
land shrubs that otherwise would encroach from
adjacent swamps. As a result, fire functions to
maintain an open herb-bog community with an
extremely diverse flora adjacent to swamps. If
fires are supressed, or fire lanes are constructed
that disrupt the hydrology of the slope-moisture
gradient; its unique flora is destroyed”. Based on
such general information, destruction or
modification of existing corridors should be
avoided from an ecological perspective. Conse-

quently, the most prudent decision is to prevent
disruption of the existing corridor connecting
the north and south Grasslands until sufficient
evidence has been collected to determine the
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relative value of this area and the potential im-
pacts caused by modification. Although current
plans for urban expansion do not indicate that
the corridor will be completely destroyed, leav-
ing only a remant strip of habitat may not be
sufficient if it is too narrow. In fact, evidence in-
dicates that linear strips that are too narrow
may function more as a liability because they
often promote predation or increase the prob-

ability that alien species (i.e., species which do

not naturally occur) will invade the site (Harris
and Atkins 1991).

Unfortunately, current information regard-
ing optimum corridor dimensions is scant. How-
ever, corridor width has been identified as a
primary determinant of corridor function. Width
determines the extent of the edge effect, which
influences predation rates and the potential for
invasion of alien species (Janzen 1986). In many
cases, limiting the dispersal of opportunistic, in-
vasive organisms (especially exotics) may be as
important as enhancing the dispersal of native
taxa (Noss 1991). Edge effects vary depending
on habitat type, but can range from 200 to 600
vards in forested communities (Temple and
Cary 1988, Wilcove et al. 1986). Width also
determines the potential for a single natural dis-
turbance (e.g., flood, fire) to sever the corridor
linkage.-Finally, width influences the movement
of flora and fauna. The wider the corridor and
the greater the contrast between corridor and
the adjacent habitat, the more effective a barrier
it becomes and the more likely the corridor inte-
rior will have a chacteristic assemblage of
animal species (Johnson et al. 1979, Chasko and
Gates 1982). _ :

Although this information does not quantify
the desired width of corridors, it illustrates that
the “optimum” width varies depending on objec-
tives, habitats, and species being considered.
Thus, it is important to explicitly state the objec-
tives of the corridor. A corridor can be tailored to
the needs of specific species, but at the same
time it must not compromise the viability of
other species (Soule 1991). A thorough under-
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standing of life history strategies of species
using the area also is essential. Important fac-
tors to consider include movement (type, rate,’
and magnitude), demographics (birth/death
rates), age, and sex of individual Species; inter-
actions among and within species (displacement,
predator/prey relationships, territoriality, com-
petition); and habitat requirements (composi-
tion/structure of plant communities, barriers to
movement, effects of edges on mortality)(Soule
1991).

Although the current concern regarding the
future of the Grasslands may be perceived as a
struggle between waterfowl and human needs,
the scope of concern actually is much larger.
Waterfowl dre only one component of a much
larger ecosystem. A more appropriate question
that must be addressed is “What are the long-
term impacts to the species assemblages (plants
and animals) that may result following
modification of the landscape?”. Because species
diversity/richness of an area largely are depend-
ent on various aspects of habitat (e.g., type, in-
terspersion, juxtaposition, quantity, quality),
maintaining existing habitat characteristics is a
primary concern. If this is accomplished, the
long-term health of the system (including water-
fowl) will be better ensured. Thus, the entire
grasslands entity, including the corridor, must
be viewed at a scale that considers dispersal
capabilities of plant'propagules,'for example, as
well as waterfowl movements among habitats.
Otherwise, a strategy that appears to maintain
biodiversity in-the short term may fail to
preserve viable populations and ecological in-
tegrity over a longer time span (Noss 1991).
Based on this perspective, and our views regard-
ing the value of the Grasslands on a local,
regional, and continental scale, the optimum
corridor width would enable the full spectrum of
native species to move between not only the
north and south Grasslands, but also help en-
sure that migratory species that winter in the
Grasslands arrive on the breeding grounds in
the best physioclogical state possible.
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IMPACTS OF AGRICULTURAL LAND USE ON NATIVE
HABITATS IN WESTERN MERCED COUNTY

Agricultural activities largely were respon-
sible for the initial changes that converted
western Merced County from a natural ecosys-
tem to a fragmented landscape. Early settlers in
the Valley recognized its potential for agricul-
ture and set in motion changes that converted
natural wetland and grassland habitats to the
intensive agricultural industry of the 20th cen-
tury (Association of Bay Area Governments
1991). The intensity is apparent based on the
‘agricultural income from Merced and the sur-
rounding counties (Table 16). Fresno County has
an annual agricultural income of over $2 billion
whereas Merced and Stanislaus counties each
approach annual incomes of $1 billion. The
greater amount of prime farmland in Fresno
County is reflected in the higher annual farm
income and clearly indicates why there was a
conversion from natural systems to agricultural
uses (Table 16). »

The first changes in land use were related to
grazing by domestic stock. Although the pristine
plant communities had already been modified
before sizable numbers of European settlers
moved into the Valley in the mid-1800's, more
Intense grazing by domestic stock in the late
1800’s further changed the plant communities.
Environmental variation among wet and dry
periods, in combination with the onset of intense
continuous grazing, further changed the plant
communities. Dry-land farming was practiced

widely. The intensive manipulation of soils as
compared to grazing changed plant communities
further. Conversion of native habitats and pas-
ture to cereal grain production associated with
dry-land farming provided cover for wildlife
during a portion of the year, and waste grains
served as an important food source for some
wildlife. '

IRRICATION INFRASTRUCTURES

The value of irrigation was recognized in the
19th century, but complete development of the
system was not completed until the middle of
the 20th century. Improvements to the system
continue today. The irrigation infrastructure im-
pacted land use in Western Merced County in
three important ways: (1) the amount of area
used for intensive agriculture, (2) the extent to
which the hydrology of natural streams was

modified, and (8) developments serve as barriers

or conduits for animal movements. The conver-
sion of natural systems to intensive agriculture
has already been discussed extensively in this
report and needs no further explanation.

The effects of land-use changes in relation to
flowage patterns of natural streams was men-
tioned earlier in this report but not discussed in
detail. These changes in hydrology fall into two
distinct situations: (1) modifications in drainage
patterns at a distant location and (2) modifica-
tion in flow of natural stream systems. Because

Table 16. Agricultural production, farmland area, and human populations in Fresno, Merced and Stamblaus

countles California.

Fresno Merced Stanislaus

Agriculture production($) 2.270,170,000 942,482.000 881,336,710

Agriculture production (Rank in state) 6 _ 7
Human population

1988 600,000 180.000 330,000

-2000 . 730,000 260,000 460,000

Urban land 65,064 17.257 38,165

Land use _

Prime farmland 1,749 4,738 19.699

Total farmland 33.045 18878 25,133

% irrigated crops w/saline soil 43 68 6
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most of the water available in the San Joaquin
Valley results from winter snow fall 'in the
mountains or as winter rainfall in the Valley,
water storage projects were required to capture
this water for use during the growing season.
- Reservoirs were built on all of the major streams
flowing into the Central Valley and water
primarily was transferred by canals (Figs. 4, 5
and 6). In some cases sections of natural stream
channels were used or these natural stream
channels were modified to enhance the transfer
of water. The capture of water at distant points
upstream from the wetlands in western Merced
County changed the amount of water available
to recharge wetlands. Modifications to the
natural stream channels within Merced County
‘was related to flood control projects and to the
transfer of water for irrigation. The natural
drainage patterns were modified further be-
cause agricultural drain water (tail water or

subsurface water) must be transferred from the.

site of application to prevent soils from becom-
ing water logged and to prevent accumulation of
salts, toxicants, fertilizers, or trace elements.
The canals supplying and draining irrigation
waters extend over hundreds of miles in Merced
County. They cover a considerable area and cre-
ate a network of barriers for movement of land
animals but may also provide conduits for move-
- ment of some species (Figs. 4, 5, and 6; Table
17). ‘

WATER QUALITY

Agricultural activities have impacted water
quality in-many different ways in western
Merced County. Soil disturbance during agricul-
tural operations increases erosion and results in

a heavy sediment load (Table 17). A portion of

the herbicides, pesticides and fertilizers applied
to agricultural fields move into waterways or
into the ground water where they have toxic ef-
fects on food chains, cause eutrophication, or
have direct toxic effects on humans or wildlife.
Irrigation practices have the potential to ex-
“acerbate salinity, drainage, and/or toxicity
problems (NRC-Committee on Irrigation-In-
duced Water Quality Problems’ 1989). Some
salts and trace elements are present in all soils
and water, whether the water supply is from
surface flows (local or imported) or pumped
ground water. As irrigation water is applied,
dissolved solids are added to the soil and various
mineral salts and trace elements present in the

soil are dissolved. In the San Joaquin Valley, ir-
rigation water adds 1.62 to 1.77 million tons of
total dissolved solids to the region annually (San

Joaquin Valley Drainage Program 1990). Water -

and dissolved solids are taken up by plants, but
some water passes below the crop root zone and
carries dissolved solids into deeper soils and
ground water. Depending on soil properties, the
ground water table may rise to the level of the
root zone. Crop production is threatened when
roots are flooded with saline water. Where the
ground water is very near the surface, evapora-
tion and capillary action also can draw dissolved
salts to the surface resulting in salinization of
soils. Thus, depending on the elements involved,
akalinity or salinity of soils and water increase.
Increased salt levels in wetland systems com-

promise plant and invertebrate communities -

which in turn influence the numbers and types
of vertebrates in the system.

- One of the most insidious aspects of subsur-
face irrigation drain water is the mobilization of
trace elements such as arsenic, boron,
chromium, molybedum and/or selenium that
potentially have toxic effects when they are
present in elevated concentrations. This group of
elements associated with marine sediments is
present in the western portions of the San Joa-
quin Valley (U.S. Department of the Interior
and California Resources Agency 1990). Irriga-

. tion water moving through fields in this region

1s particularly prone to incorporating these ele-
ments as part of the dissolved solids. Agricul-
ture has taken two approaches to solve the
problem of increased salinity in ground water
near the root zone. Either lands are abandoned
when they have high salt concentrations or the
drain water must be removed via drainage
ditches or through a subsurface drainage sys-
tem. This drain water usually is discharged into
surface waters. Thus, these potentially toxic ele-
ments are common components of drain water
in the western portion of the San Joaquin Val-
ley. Such trace elements are then transferred in
drain water through the irrigation infrastruc-
ture and can spread well beyond their point of
origin. Because these elements influence plant
and animal growth and mortality, their
presence in the study area is a challenge that re-
quires constant monitoring and regulation to
prevent areas of trace element concentration
that will severely impact native food chains.
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-Table 17. Summary of the effects of different land u_'se impacts in the Grassland Study Area
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Effect on
size of ‘Wildlife
Land use functional Functional Ecosystem Wildlife life history Water
impact areg corridors function distribution Hydrology. events quality
Agriculture  Major Disrupts Destroys Reduces Increased  Disrupts Increased
reduction riparian natural native runoff required sedimentation,
in corridors system populations. habitats Herbicides,
functional Fragments  Discontinucus pesticides,
area habitats distribution and fertilizers
Highways Moderate/  Establishes Fragments Promotes Disrupts Causes Oils, gas,
: small barrierin habitats discontinuous natural wildlife rubber,
reduction corridor distribution  hydrology mortality . © garbage
in for terrestrial '
functional  and aquatic
area animals.
Increases
noxious plant
dispersal
Irrigation Moderate Disrupts- Fragments Separates Changes Restricts Drain
. system reduction  corridor native populations  flow movement water has
) in habitats patterns and salts,
functional dispersion chemicals,
area May cause and
mortality toxicants
Urban Moderate Disrupts Fragments Reduces Increased  Displaces Increased
expansion reduction in corridors habitats populations  runoff populations  sediments
. functional ' and toxicants
ares
Rural Major Disrupts Fragments Disrupts Increased  Displaces Increased
housing reduction corridors habitats distribution  runoff populations  sediments
expansion in functional and toxicants
area
Wastewater  Small N/A Disease Often N/A Concentrates Increased
treatment reduction potential to  concentrates birds, causes nutrient
facilities in functional wild animal  certain mortality loading
area populations  species
Domestic pets N/A N/A Increased Mortality of N/A Causes Pet waste
predation wildlife ’ mortality; increases
: populations disrupts nutrient load
activities
Stormwater  Small N/A Potential N/A Increased  N/A  Increased
reduction fragmentation runoff sediments and
in functional pollutants
area
Golf courses ~ Small Disrupts Destroys Reduces Increased  Compromises Increased
reduction corridor natural native runoff life history fertilizer,
.in functional systems wildlife strategies herbicides, and
area Introduce populations pesticides
' exotics
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TRANSPORTATION

Roads are critically important for transporta-
tion of people, supplies, equipment, and com-
modities. The effects of transportation systems
on open space and ecosystem function is similar
regardless of whether the primary purpose of
the road is for agricultural or urban uses.
Agricultural development in western Merced
County required a transportation system to in-
terconnect farms and ranches with supply
centers and markets. Furthermore, major high-
ways also interconnect larger communities with
other population and commercial centers in
California. Open land within the study area has
been converted from agricultural and natural
systems to alternative uses for transportation
including railroads, airports, and highways. The
most extensive use of land for transportation
has been for roads and highways. Because the
construction of roadways is expensive and be-
cause roads often follow the most direct route,
highways often pass directly through valuable
agricultural lands or native habitats rather than
circumventing such areas. This is the case in
western Merced County because road systems
cut directly through wetlands, riparian zones,
native lands, and agricultural areas. Thus, some
areas of habitat were lost from the construction
of roads and road right-of-ways.

- In addition to the loss of open areas, the
development of road systems fragment
landscapes. Roads often disrupt the natural
hydrology by transferring water along road
ditches, by intersecting drainages, and by form-
ing obstructions to or changing the flow pattern
of water where movement is a sheet flow (Table

17). In addition, roads often function as barriers

to wildlife movement and can result in sig-
nificant mortality of some species. The highest
mortality often occurs during annual periods of
dispersal from wintering habitats or during
reproduction. However, frogs, toads, and turtles
often are very susceptible to mortality during
the breeding season. Likewise, some mammals
are more active during periods when young dis-
perse or during breeding. Sizable numbers be-
come roadkills during such  dispersal.

Disturbance from roads also affects the distribu-
tion of species (van der Zande et al. 1980). Some
birds move a mile or more from heavily traveled
highways (Madsen 1985). Plant communities
also are influenced by roadways, primarily be-
cause transportation corridors also serve as cor-
ridors for plant dispersal.

In western Merced County, there are
primary roads within and surrounding the study
area that influence the movements, mortality,
and distribution of plants and animals. Divided
highways require the largest land area and cre-
ate the widest barrier to movements and disrup-
tion of hydrology. One of the primary impacts of
road -systems on natural environments is the
division of large parcels into smaller ones.
Primary roads such as -5 and California high-
ways 152, 165, and 99 have the most severe im-
pacts because of the width of the right away,
volume of traffic, and amount of noise and air
pollution. California highways 152 and 165 ef-
fectively divide the study area into north and
south and east and west sections. respectively.
Thus, severe fragmentation of the study area is
related to these transportation corridors that
pass directly through the Grassland study area.

SUMMARY

A combination of factors related to agricul-
tural activities and a gradual urbanization: of
western Merced County changed the pristine
character of the landscape. Native plant and
animal communities largely have been replaced
by planted pasture and crops and only remnant
plant and animal communities remain. No
single factor led to these changes. rather many
factors in combination have resulted in the
present condition of the remaining natural com-
munities. Agricultural development was not pos-
sible without a combination of economic
incentives or  opportunities, technological
developments for irrigation by agricultural in-
terests in a semiarid environment, government
programs and subsidies, and a social perspective
that promotes conversion of wildlands to other
uses. :
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IMPACTS OF URBAN LAND USE ON NATIVE HABITATS IN

WESTERN MERCED COUNTY

LOSS OF OPEN SPACE ASSOCIATED
WITH HOUSING

The increasing human population within
western Merced ‘County can be classed into two
general categories: urban and rural. As human
populations expand, more space is required for
housing. New housing associated with this
population growth can be classed as either high or
low density developments (Council on Environ-
mental Quality 1974). Low density housing
developments occur within some incorporated
communities, but they are most common on small
rural acreages and are becoming increasingly
common within the rural setting of the study area.

Urban expansion associated with incorporated
communities and/or housing developments also is
common in western Merced County. New develop-
ments where large numbers of individuals are
packed together are appearing on every side of the
study area. Urban population growth in this
-report focuses on the communities of Los Banos.
Volta, Santa Nella, Gustine, and Dos Palos (Table
18). In contrast, rural population growth is the dif-
fuse expansion of new housing on larger land par-
cels amongst the agricultural lands in the county.
Both types of population growth have important
implications in reduction of open space and con-

tinuing fragmentation of existing habitats. Fur- -

ther encroachment can be expected with the
growth in population in western Merced County.
Communities in the Grassland Study Area will
grow and require more open space for this expan-
sion

Rural population expansion

The effects of uncontrolled development of
rural housing has severe impacts on natural sys-
tems because large areas of native plant and
animal communities can be disrupted (Table 19).
Likewise, rural housing can disrupt the agricul-
tural environment and reduce open space and the
value of agricultural habitats for wildlife. The ex-
pansion of rural housing is associated with in-
dividuals that enjoy country living either because
they are in agribusiness and prefer to live on their
properties, or have purchased parcels of a few
acres. Individuals build houses and/or stables for
horses, or some other type of stock, or they just
enjoy having more property for their use. As more
rural housing develops, the infrastructure for
transportation and utilities constantly expands or
improves with a concwrrent fragmentation and
decrease of open space (Table 19). Considerable
expansion of rural housing is occurring in the
western portion of the study area between I-5 and
lands within the Grassland Study Area. Most
development is immediately adjacent to developed
roads where there is access to electric power. In
some cases the developments are improvements to

- housing on agricultural lands. Such improvements

are not changing the character of the fragmented
landscape further (.e.. there is little or no addi-
tional conversion of agricultural lands for hous-
ing). The most troublesome expansion of rural
housing in relation to reduction of open space and
further landscape fragmentation in western
Merced County is associated with the develop-

" Table 18. Projected population increases for selected cities in Merced County, California (1990-2010).

City . 1990 1995 2000 2005 2010
Dos Palos! 5,845 7,909 10,738 14.543 19,667
Gustine? 3,931 5,173 6,874 9.134 12,137
Los Banos® 14,060 17.110 20,810 25.320 30.810
Santa Nellat - . 1.150
Atwater? 31.000
Merced? 79.260

i Merced County Association of Governments 1990. City of Dos Palos Draft General Plan. 146pp.

Merced County Association of Governments 1992. City of Gustine, General Plan. 170pp.

3 Grunwald and Associates. 1988. The comprehensive general plan for the city of Los Banos, California 1.0%

rate of increase) Sacramento.

¥ Merced County Planning Department. 1990. Merced County Year 2000 General Plan, Merced County.
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Table 19. Impacts associated with expansion of rural
housing.

Effects
Decrease in open space-
habitat fragmentation

Impacts

Development of
small parcels

Erosion and siltation
from runoff

Construction site

Erosion and siltation
from runoff

Access road
construction

Increase in imperious Hydrologic changes - greater

surfaces (roads) runoff
Increase traffic Air pollution
Wastewater/Septic Ground and surface water
Systems pollution
Solid wastes and litter ~ Greater need for landfills

Destruction of wildlife or
disruption of life history
events

Reduction in. wildlife

populations

Domestic pets

Ilegal hunting

From: Council of Environmental Quality, 1976

ment of small parcels that were formerly in
agricultural uses such as pasture, rowcrop, or
orchard. In some cases these developments are
-on sites that had natural values because they
were not in agricultural production or the lands
had never been extensively developed.

Such developments disrupt remnant plant
communities and wildlife populations either by
direct loss or by modification of the local hydrol-
ogy, increased sedimentation, or perturbations
that increase the import of exotic species. The con-
struction of rural housing and other buildings is
associated with some road development, improved
drainage systems, hydrological modifications to
~wetlands, development of facilities for treatment
of human wastes (septic systems), construction of
additional obstructions to wildlife movements (i.e.,
fences), and development of lawns with the as-

sociated application of herbicides and pesticides

(Table 19). These unplanned sprawling develop-
ments also generate more sediments than well
planned high density developments (Fig. 20). With
the addition of each house there is increased
vehicular traffic on roads and an increase in
general disturbance related to human activities.

Urban population expansion
In comparison to rural housing, the effects of
urban housing on the study area are more severe
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at site specific locations, but the size of the im-
pact area is smaller. Urban development has
many of the same problems as rural develop-
ment, but the problems are intensified. Within
the study area, current and planned urban
developments generally change open space from
an agricultural setting to one that more com-
pletely restricts use or access by wildlife. Thus,
the location of the housing developments in and
near the study area is critical because of site-
specific and associated effects of development in

.relation to the functions and values of the

natural system. Sedimentation can be extensive
(Ferguson 1978, Fig. 20) when vegetation is dis-
rupted and is of concern near wetlands because

_water systems can be clogged, wetlands filled,

and wetland functions compromised. There will
be negative effects to the natural systems
regardless of where the development oceurs but
the effects will be less severe as the distance be-
tween the developments and the study area in-
creases. Continuing development of urban areas
within and surrounding the Grassland Study
Area will have increasing implications for the
viability of the Grassland ecosystem (Table 20).

Los Banos is the most critical site because of its
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Fig. 20. Pollutants generated from dwellings of
different densities.

Grassland Habitat Preservation Report

B = o R e




Table 20. Projected effects of urban expansion in the Grassland Study Area of western Merced County.

Proxmity to Size of Corridor Projected Collective
Citv wetland habitat development expansion population growth encroachment
Los Banos +++ -+ +++ o+ 4
Dos Palos +++ ' ++ + ++ ++
Volta ' +++ + + + +
Santa Nella o+ ++ + ++ +
Gustine ' +++ T+ + + ++
Atwater T+ +++ + +++ +++
Merced + ++ + +++ +++

size, location immediately adjacent to Grassland
habitats, and the size and location of existing
corridors.

TRANSPORTATION

Highways have been discussed under
agricultural developments but transportation
corridors are critically important for urban
areas. Thus, the locations of urban develop-
ments that require road »acc'ess have important

WASTEWATER
TREATMENT
FACILITIES

Fig. 21. Locatlon of wastewater treatment facilities within and near the G
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implications in relation to functions and values
of natural habitats.

WASTEWATER

Municipalities in western Merced County use
effluent lagoons to treat wastewater. Several
facilities are located adjacent to or within the
Grassland Study Area, but the communities of Los
Banos, Gustine, and Dos Palos have the most sig-
nificant treatment facilities (Fig. 21). Impacts are
related to changes i in habitat conditions or to con-

‘. v . —— Grassiand Management Area Boundary }
@;’"‘7«- ---’ w-=— Stidy Area Boundary i
s Wetland Habitats ’ ‘

Crassland Study Area.



ditions related to operations of the treatment
facility. In some cases wetland habitats or im-
portant open space for wildlife are converted to
treatment facilities. Depending on the size, loca-
tion, operation, juxtaposition to other habitats,
local rainfall, and rates of evapotranspiration,
operation of wastewater treatment facilities
may have beneficial and/or negative impacts on
wetland wildlife Brennan 1985, Wilhelm et al
1989).

Within the study area, much of the effluent
that enters the treatment facility remains
within the lagoons because evaporation rates
are high in the San Joaquin Valley. Discharge
into surface waters is restricted and excess
water is typically applied to pastureland during
the irrigation season (Brown and Caldwell Con-
sulting Engineers 1989). The discharge of excess
water laden with toxic materials, heavy metals,
chlorine or materials with high organic matter
or BOD often associated thh urban effluent
normally is limited to lands owned by
municipalities in Merced County. Thus, was-
tewater treatment on the study area has limited
negative impacts for wildlife as compared to
other areas of the country where the combina-
tion of higher rainfall and lower evaporation re-
quire that considerable water be discharged
(with the undesirable components) into surface
waters to prevent damage to Iagoons by uncon-
~ trolled overflows.

The potential value of wastewater {acilities
and use of wastewater for wetland wildlife has
been identified for many years (Uhler 1956).
Uhler discovered that waterfowl use of was-
tewater lagoons was widespread throughout
many parts of the United States. A great abun-
dance of some invertebrates has been identified
as an important attractant for some waterbirds
(Swanson 1977), and some treatment facilities
have high densities of important invertebrate
foods. Wastewater habitats are used by many
waterbirds throughout the annual cyele (Uhler
1964, Swanson 1977).

Heavy use of wastewater facilities by water-
birds occurs in the study area in winter. Large
aggregations of waterfowl occur regularly on the
Los Banos and Dos Palos treatment facilities.
Use of these treatment facilities probably is re-
lated to a combination of factors including ex-
tensive disturbance on wetland habitats during
the hunting season, the security provided by the
sanctuary effect of the treatment facility (little
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disturbance), and the abundance of certain food
resources. Species that filter feed (northern
shoveler) or feed on algae (vadwall coot) tend to
be the most abundant.

The concentration of waterfowl on treatment
lagoons has negative impacts including the
redistribution of waterfowl, and the potential for
disease transmission. The most obvious and im-
portant impact of wastewater treatment in the
study area is the concentration and redistribu-
tion of highly mobile vertebrates such as birds
and the potential for avian diseases to be spread
from these concentration areas. The treatment
facilities in the study areas are of sufficient size
to attract and hold sizable numbers of waterfow!
(over- 200,000 waterbirds, including 160,000
shovelers have been counted on the Los Banos
treatment facility, California Fish and Game
files, 1994). :

Dense aggregations of waterbirds on was-
tewater lagoons have the potential for disease
transmission (Friend 1985). Potential disease
problems tend to be more severe from agricul-
tural wastewater (especially poultry) than from
urban wastes. Nevertheless, the lower water
quality in wastewater systems in combination

with the potential presence of pathogens has ..

resulted in avian mortality in the San Joaquin
Valley at the Modesto treatment facility (Zahm
pers. comm.). Avian cholera is of primary con-
cern because of the history of the disease in the
Central Valley (Titche 1979, Friend 1989).

STORM WATER -

Storm water runoff from urban areas in-
cludes many pollutants that have accumulated
from industrial, commercial, and residential
developments (Environmental Protéection Agen-
cy 1977). The amount of storm water runoff is
related to the area of impermeable surfaces such

as roofs, driveways, roads, and parking lots

(Huff 1977). The most common polluting
materials from hard surfaces that occur in
storm water or from street washing are rubbish,
oil. gasoline, rubber, salts, and animal feces
(Council on Environmental Quality 1974,
Shaheen 1975). Sediments are another impor-
tant component of storm water and are par-
ticularly abundant from construction sites or
from exposed soils that are subject to erosion
(Ferguson 1978, Fig. 23). Herbicides, pesticides
and fertilizers are used heavily on residential
lawns and gardens to protect or control
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household pests such as termites and other
noxious plants, insects, or vertebrates (Environ-
mental Protection Agency 1972). Rainfall
removes air pollutants such as nitrates and sul-
fates from ‘combustion which produces acidic
water conditions. These contributions to storm
water can contribute as much pollutant load as
the sanitary sewage effluent (U.S. Department
of the Interior 1970).

AIR POLLUTION

Air pollution is governed by two major fac-
tors: the presence of pollution generating sour-
ces and the inherent or modified meteorological
conditions of the region. The region’s meteorol-
ogy determines the extent to which pollutants
are imported from other regions and the extent
to which locally produced pollutants are dis-
persed (Council on Environmental Quality
1974). Pollution sources generally are defined as
point. sources (e.g., a smoke stake from an in-
dustrial plant), ribbon sources (from highways),
or dispersed sources (dispersed traffic and home
furnaces and fireplaces). The major types of air
pollutants are carbon monoxide, nitric oxides
and oxidants, and sulfur particles and oxides.
Vehicles emit carbon monoxide and the nitric
~ oxides that chemically react in the atmosphere
to form smog, whereas sulfur compounds are
emitted primarily from fossil fuel plants, home
and industrial furnaces, and certain industrial
processes and incinerators.

Pollution from Vehicles

The extent of air pollution from vehicle traf-
fic is related to the amount of travel, amount of
.congestion, and average length of a trip. Air pol-
lution from vehicles varies during the day and
generally is more severe in the morning when
engines are cold, air is more static, and conges-
tion is more severe as workers travel to their
place of employment (Maga 1967). Thus, the
development pattern in western Merced County
can have an important influence on the frequen-
cy of travel and distances traveled. Because con-
gestion is such an important aspect of air
pollution from vehicles, providing even traffic
flow on major roads by eliminating interruptions
such as frequent access to the road from stores
and homes, stop signs, and poorly timed stop
lights are of great importarice. Providing
clustered and convient commercial areas and
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public facilities also eliminatés the amount of
travel. :

DOMESTIC PETS

Domestic pets are an integral part of the en-
vironmental dynamics associated with human
populations (Beck 1973). Regardless of whether
pets are controlled or are free roaming, they can -
have an important influence on wildlife popula-
tions and their wastes have important implica-
tions in storm water runoff. Thus, as human
populations change in size and distribution,
populations of domestic pets must be one of the
aspects considered in land use impacts.

Domestic pets also cause direct mortality of
wildlife or disrupt life cycle events that reduce
natality of wild populations (McMurray and
Sperry 1941, Eberhard 1954, Parmalee 1953,
and Toner 1956). Free roaming pets are of the
greatest concern and cause the most inter-
ference with wildlife populations. Even in places
where dogs are required to be on a leash a cer-
tain proportion run free. On a wetland in
Britain, as many as 60% of the dogs were not on
leashes, and of this total, 8% were running wild
(Yalden and Yalden 1988).. Dogs out of control,
as compared to those “at heel’, caused 7 times
more red grouse to be disturbed (Hudson 1938).
Thus, wildlife populations within the free roam-
ing distances of urban pets are subject to high
disturbance and mortality.

MOSQUITO ABATEMENT

Human populations have a long history of
conflict with annoying insects that are as-
sociated with natural ecosystems. Mosquitoes
are often abundant in wetland systems and are
of concern to humans because they are vectors
for transmission of human (e.g., malaria) and
livestock (e.g., encephalitis) diseases. In addi-
tion, an abundance of mosquitoes are annoying
to. most individuals whether or not disease is a
consideration. Thus, control of mosquito popula-
tions in the vicinity of urban areas has been
practiced in the United States for many years.
Control is achieved by habitat modification
(drainage or level ditching of wetlands), by
changes in water management (e.g., open water
management), with chemicals, with biological
control, or with a combination of these techni-
ques. As human populations grow and as
population distribution changes, there is an in-
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creasing demand to control mosquito popula-
tions.

Techniques used to control mosquitoes often
are in direct conflict with the presence of wet-
lands and their natural functions. Drainage
and/or hydrological modifications to wetland
habitats, change plant and invertebrate com-
munities that in turn influence other com-
ponents in the system. Water management for
mosquito control may compromise the life cycle
of important invertebrates that play a role in
decomposition or are important food for wetland
wildlife (Balling et al. 1980). Availability of
foods or habitats may also be compromised by
water management designed for mosquito con-
trol. Non-selective chemicals can kill important
invertebrate food sources and thus reduce the
reprodluctive or survival potential of vertebrates.

The projected population inerease for Merced
County suggests that increasing pressure to con-
trol mosquitoes can be expected. The area of
control and the type of control will have an im-

portant influence on the natural functions and

values of Grassland wetlands.

Mosquito control is a factor in the manage-
~ment of Grassland habitats and will become in-
creasingly important as the human population
grows. From 1992 to 1994 there were nearly
1,000 requests for mosquito abatement in the
North and South Grasslands (Table 21). About
the same number of requests came from north
and south of California Highway 152. Requests
for control begin in April and gradually increase
over the course of the growing season with the
greatest number of requests occurring in Oc-
tober (Table 21). The Merced County Mosquito
Abatement District applies Altosid Liquid Lar-
vicide (ALL) and Duplex (ALL + Bacillus thurin-
glenses var. israelensis) in aerial applications to
Grassland habitats from August to October. The
first application of ALL occurs during flood-up
whereas the final treatment of Duplex is applied
just before the hunting season in October. The
final treatment on flooded wetlands controls
Culex tarsalis and late Aedes hatches.

The use of chemicals in wetlands, regardless
of the purpose, is always of concern because of
the potential to compromise the values and
functions of these important habitats. This is
especially true where habitats are limited and
are subjected to other perturbations in addition
to the effects of chemicals. Historically, the use
of non-target chemicals in wetlands was dis-

Table 21. Abatement requests made from 1992-94.
North and South Grasslands are separated by
Highway 152.

Month North South Total
’ Grasslands Grasslands
April 5 ' 10 15
May 29 20 49
June 59 32 91
July 27 29 56
August 60 36 86
September 66 115 181
October 200 257 457
Total 446 499 945

astrous because many desired species were im-
pacted along with the noxious organisms. When
biomagnification occurred in the food chain, or-

ganisms near the top of the food web often were -

affected adversely. As environmental concerns
became more prominent, manufacturers have
made an effort to develop chemical or biological
controls that are effective on problem organisms
but have little or no effect on desirable or-
ganisms. Not only have chemicals become much
more target specific, but their biomagnification
in food chains has been reduced or eliminated.
Although these newer control methods are far

“superior there is still concern for the effects on

vertebrates because of disruptions in the food
chain. For example, experiments with mallard
ducklings had slower growth and higher
mobility (i.e., apparently they had to search for
more food) immediately after treatment (Cooper
et al. 1989).

One commonly used biological approach for

mosquito. control in Merced County is use of -

Bacillus thuringiensis (Bti), a potent bacterial
larvicide. Toxicity is limited to nematocerous
dipteran  families, including mosquitoes
(Culicidae) and blackflies (Simuliidae) (Krieg
and Langenbruch 1981). The activity of Bii is
dependent on the action of proteclytic enzymes
within the gut. Because digestibility declines
with age, older instars may be less susceptible
(Maddox 1975). Abbott Laboratories provides a
list of non-target aquatic organisms found in as-
sociation with mosquito larvae but are not af-
feeted by Bacillus thuringiensis (serotype H-14).
The list includes amphibians, fish, crustaceans,
insects, flatworms, earthworms, 'and mollusks
(Abbott Laboratories 1992). A study in the Mid-

Grassland Habital Preservation Report

g
B
B
o
B

BN W O W W W W W




west compared field and laboratory results
using Vectobac-G or Bt, (serotype H-14, Char-
bonneau et al. 1994). In the lab, field treatment
levels effected Chironomus riparius but there
were not discernible effects on this chironomid
in field tests. These results as well as other
literature indicate that toxicity of Vectobac-G
can vary. In this Minnesota study temperature,
water depth, macrophytes surface area

coverage, and instar differences affected the ef-.

ficacy of Vectobac-G to benthic organisms (Char-
bonneau et al. 1994). Factors such as algal mats
(Garcia et al. 1983), foraging by snails and other
organisms (Aly 1983), and adhesion to leaves all
~influence the effectiveness of Vectobac-G. The
effects of temperature are related to feeding
rates (i.e., more feeding and thus greater inges-
tion of control agents when temperatures are
high, Wraight et al. 1981 and Farghal 1982).
Information on Altosid or methoprene
(Zoecon 1990) provides results from different
tests (e.g., acute and subacute oral, acute der-
mal, reproductive, teratology) conducted to
determine the effects of Altosid on different or-
ganisms, including rat, dog, rabbit, guinea pig,
mallard, bobwhite, and chicken. No environmen-
tal persistence (half-life of 10 days or less) has
been identified and no toxic effects have been
observed in the field. Such testing is costly and
cannot cover all species and certainly cannot ad-
dress the complex conditions that exist in wet-
lands. Thus, the testing provides guidance in
understanding the actions of the chemicals or
biological control in nature, but actual results
from field use can be highly variable. For ex-
ample, water depth, temperature, pH, turbidity,
amount and type of aquatic vegetation and sub-
strate type are just a few factors that may
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change the effects predicted from laboratory ex-
periments. These variable may cause the control
agent to work more effectively or less effectively
in relation to laboratory tests with similar
variability in the response by non-target or-
ganisms to control agents. Furthermore the
method of application is an important variable
determining the effectiveness of control or the
effects on non-target organisms. In addition to
the effects of chemicals, the method of applica-
tion can have important implications. For ex-
ample, aerial application on flooded wetlands
cause disturbance that have unknown effects on
wetland wildlife. In contrast granulated
material with slow release can be applied before
flooding. : .

In summary, mosquito abatement strategies
that reduce conflicts with wetland functions and
values in the Grasslands will be an increasing
challenge as human populations increase and
encroach on wetland habitat. Unfortunately
some of the effective control strategies for
mosquitoes that do not include chemical or
biological control agents, conflict with manage-
ment designed to emulate natural hydrological
regimes in seasonally flooded wetlands that are
critical to the success and survival of wetland
wildlife. Shallow water interspersed with
vegetation provides the ideal habitat for inver-
tebrate production as well as the desired forag-
ing habitat for the majority of wetland birds.
Because shallow water in association with
vegetation creates ideal conditions for some
mosquitoes, conflicts are inevitable. Thus, close
communication, cooperation and coordination of
efforts between mosquito abatement and wet-
land management interests are essential to
reduce conflicts while meeting conflicting goals.
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IMPORTANCE OF UNDERSTANDING HABITAT
FRAGMENTATION AND ITS EFFECTS

The combination of factors related to human ac-
tivities and land use in western Merced County
now and in the future will impact the size, frag-
mentation, function and value of Grassland wet-
lands.

SIZE

As the population of Merced- County grows,
the projected population of 260,000 by the year
2000 will create an increasing demand for space
that will be met by conversion of agricultural or

native habitats to urban uses (Spaulding and -

Heady 1977). Pressures that result in decreas-
ing size of functional habitats are greatest im-
mediately surrounding the cities and towns in
the Grasslands. As the size of a natural area
diminishes, there is an important impact on the
number of individuals and number of species
that can survive within the smaller area of
habitat (Geis 1974, Adams and Dove 1989, Fig.
22). The largest animals remaining in remnant
habitats are those with the highest potential to
be extirpated or to have reductions in popula-
tions. ‘
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FRAGMENTATION

Developments associated with urbanization
have high potential to further fragment the
remaining habitats. Increase in traffic will re-
quire upgrading highways and development of
more transportation arteries. The current high-
way system in conjunction with the irrigation
infrastructure already has an important impact
on the functions and values of the natural Sys-

~tem. The interconnection of habitats of the pris-

tine .valley has been disrupted by the
transportation and irrigation corridors and
other land use developments. Currently wetland
functions largely are restricted to smaller par-
cels compared to the pristine condition. F rag-
mentation has important impacts for animals
that require a large habitat area or those that
have restricted mobility. The-large carnivores
and herbivores were eliminated from the
Grassland ecosystem many years ago, but a con-
tinuing decrease in the size of habitat parcels
because of fragmentation influences small car-
nivores and other moderate sized animals (Fig.

Insects

Frogs, Toads
Snakes, Turtles

Likely zone

Possible zone

Mice
Squirrels

Pronghorn antelope
Tule elk

25,000 250,000 2,5C0,00

Patch size (acres)

Fig. 22. Area ofhabitaﬁ required for the successful survival of different animal groups. From Soule 1991.
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22). Birds have high mobility and can more easi-
ly move among isclated parcels. These move-
ments increase energetic costs. Other factors
associated with human population growth such
as disturbance of wildlife, degradation of
“habitats and mortality of wildlife tend to
decrease population size or compromise
reproductive potential of wild populations.
Although the 180,000 acres in the study area
apears to be huge, the actual functional area for
many species is greatly reduced because of exist-
ing roads and towns. Clearly species with large
home ranges have very few areas of suitable size
for survival. Thus, a few additional activities

resulting in fragmentation will xmpact many
more species.

_ The impacts of size and fragmentation have
important implications on the survival and
reproductive potential of any species. The effects
of fragmentation and decreasing habitat area
are projected for waterfowl in western Merced
County because waterfowl are of great interest
in the study area and so much is known about
waterfowl compared to other waterbirds (Table
22). Some effects are obvious, but many others
are indirect or subtle and tend to gradually
decrease habitat values for waterfowl. Thus the
potential exists to further reduce waterfowl
populations.

Table 22. Potential effects of fragmentation and reduced hab1tat size on the tlmmg and/or completion of annual

cycle events of a typical female dabbling or diving duck.

Life cycle event Fragmented habitat

Degraded habitat

Less seclusion
Pairing delayed
Disturbance forces
flight to alternate
habitat

Inadequate areas for
seclusion; Disturbance
disrupts foraging
Molt delayed
Food supply distributed
over large area

. Flight time reduces
amount of energy for
reserves
Inadequate body reserves
for migration

Pair formation

Winter molt

Predeparture
ressrve deposition

pairing inadequate

Some pairing delayed
Body condition
inadequate for pairing

Required cover for

Inadequate foods to
gain necessary body
mass for pairing
Smaller food supply
Molt delayed

Deficient food supply
Molt delayed

Deficient food supply Smaller food supply
Inadequate body reserves

for migration for migration

Reduced area of habitat A

Inadequate body reserves

Prebreeding Small patches of Lack of nesting cover Reduced area for
nesting cover, more Poor food resources breeding; More predation
predation likely likely; Poor food resources
Egg laying Food resources widely Poor food resources More nest interference
scattered; More More predation likely More predation likely
predation likely :
Incubation High predation High predation High predation

Brood rearing

Female mortality

High mortality from
movements between
habitat patches

Female mortality

Reduced food suppiy
High mortality

Female mortality

Smaller food supply
Predation higher

* than on larger areas

Summer molt Inadequate area for Reduced food supply; Smaller food supply;
seclusion; Disturbace Poor cover; Molt More predation
disrupts foraging delayed

Fall staging Smaller area for Reduced food supply Smaller food supply
food production Molt delayed
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NUTRIENT ENRICHMENT AND TOXIC
SUBSTANCES

Chemicals from agricultural activities that
enter surface or ground water influence the
functions of wetland systems (Table 23).
Agricultural chemicals have differing effects
depending on the amount and type. Fertilizers
that enter surface waters can cause eutrophica-
tion. The increase in algae production related to
an abundance of available nutrients from
agricultural fertilizers or runoff from livestock
operations can change wetland plant and inver-
tebrate communities. Depletion of oxygen from
‘wetlands can change invertebrate communities,
influence plant community composition and
structure, and kill aquatic organisms such as

fish.
The most common. toxic materials in the

Grasslands are herbicides, pesticides, and trace _

elements. Herbicides may have direct effects on
plant communities, but indirect effects may in-
fluence animal communities as well. Herbicides
can control the structure of wetland com-
munities, reduce diversity, and disrupt the food
chain for invertebrates as well as some ver-
tebrates. Algae are an important component in
wetlands because they quickly tie up available
nutrients, are important in the decomposition
process, “and serve as food for invertebrates.
Herbicides can compromise this important com-
ponent of the food chain and result in a greatly
modified trophic pyramid.

- Pesticides from agriculture, urban household
uses, and mosquito abatement programs have the
potential to be toxic to aquatic organisms. Aquatic
organisms have varying degrees of sensitivity to
different chemicals. In some cases a certain
chemical may have no direct impact on aquatic or-
ganisms. In other cases numbers of aquatic or-
ganisms may be reduced and in the most severe
situations certain organisms may be completely
removed from the system. Changes in the food
chain are not readily visible because the physi-
cal structure of the wetland appears unchanged.

Trace elements have the potential to be toxic
to consumers higher in the food chain. Elements
such as selenium and arsenic can cause mor-
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tality or disrupt reproductxon by i mcreasmg mor-
tality or causing deformities.

DOMESTIC PETS

Domestic pets.are one of the external biotic
factors that influence wetland functions. Their
most important influence on wetland com-
munities is the potential to increase predation
on adults and young and to disrupt life cycle

“events such as pair formation, egg laying, brood

rearing, or dispersal (Table 23). The proximity of
urban developments to native habitats is critical
in relation to the severity of the effects on wild
populations. The number of cats and dogs will
increase along with the human populatlon as
Merced County becomes more urban. Thus, as
the interface between urban sites and the
Grasslands expands, domestic pets likely will in-

crease. With more domestic pets, disturbance to
wildlife will increase. This disturbance will in-

crease energetic costs or compromise life history
events for wildlife. In the worst cases, actual

~mortality of wildlife will occur.

GENERAL DISTURBANCE ASSOCIATED
WITH HUMAN ACTIVITIES

Human activities intrude into wildlife
habitats or disrupt life cycle events Fig. 23,
Table 23). The greater the human population
the greater the potential for activities that will
affect wildlife directly or indirectly. Some of the
most obvious effects are related to activities
such as hunting where some animals are har-
vested but a much larger number are forced to
change their local distribution or move to more
distant habitats. Other direct effects occur from
disturbance (Korschgen and Dahlgren 1992).
Depending on the time of year or stage in the
annual cycle, disturbance may have a sig-
nificant impact on wildlife populations. Distur-
bance might cause a. redistribution of the
population. emigration from the disturbed area,
reduced time to acquire critical energy or
nutrients, disrupt courtship, or cause reproduc-
tive failures (Owens 1977, Table 23). In areas of
the highest use even trampling of vegetation can

.be a problem requiring years for recovery (Lid-

dle 1975).
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Table 23. Potential effects of land-use practices on wetland functions and values in western Merced County.

BIOTIC
ABIOTIC Plants
v Maco- Inverte-
Land use activity Hydrology Water quality Algae phytes brates Herps Birds
dericulture
Irrigation Changes — Area and Volumeand  Less Less Less
water storage timing and volume of area of habitat habitat habitat
volume flooding flooding flooded flooded flooded
of flow reduced reduced
Irrigation canals Changes Transports salts —_ — — — —_
flow patterns  and trace
elements
Irrigation drain — Concentrates Reduced Modify Mortality = Mortality = Mortality
water salt and biomass compaosition Deformities Deformities
trace elements
Herbicides —_— Adds non-point  Reduced Reduced — — —_
pollution biomass biomass and
structure
Pesticides — Adds non-point — — Mortality  Mortality  Mortality
pollution
Fertilizers — Leads to Increased Increased Reduced —_ —
eutrophication biomass biomass species
Reduced Reduced richness
spedes spedes
richness richness
Cultivation Changes flow Increased Reduced Reduced .Smaller ‘Smaller Smaller
pattemns sediments and species spedes populations populations populations
~ pollutants richness richness Reduced Reduced Reduced
spedes species -spedies
richness richness richness
Transportation Disrupt flow Increases Reduced Reduced Reduced Mortality Mortality
patterns - pollutants and species spedes species Disrupts
sediments richness richness richness movements
Lrban
Stormwater Changes flow Increases — — — — —_—
patterns pollutants
Wastewater — Increased Increased — — — Concentrates
pollutants in biomass birds
discharged Reduced Exposure to
water species pathogens
richness
Domestic Pets —_ Wastes increase —_ - — Mortality  Mortality
pollution Disrupt life
cycle events
Expansion Changes flow Increased Reduced Reduced —_ — —
pattern pollution species spedes
streets, lawns, richness richness
bousehold and and biomass and biomass
industry
General disturbance — —_— — - Trampling - Disrupt life Disrupt life

cycle events

cycle events
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HUMAN ACTIVITIES

(Hunting, Recreation, Farming, Transportation)

\L

DIRECT EFFECTS

{ INDIRECT EFFECTS

N

DISTURBANCE

\\J e
\POLLUTION ‘

hd

CHANGE IN HABITAT

REDISTRIBUTION

h

REPRODUCTIVE EMIGRATION
FAILURE | ,

DEATH

Fig. 23. Potential effects of human activities on wildlife populations.
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STRATEGIES FOR PROTECTION

CENERAL STRATEGY

The area and quality of Grassland habitats
has declined significantly over the past 200
years. This decline, as well as major changes in
plant and wildlife communities that have oc-
curred did NOT result from a single factor but
from a complex combination of factors driven by
economics, legislative and political decisions,
technology, and cultural or social implications
(Fig. 24). Consequently, protection of remnant

habitats requires more than a single faceted ap-

- proach if future generations are to enjoy this
remnant wetland ecosystem (Caldwell 1993,
Clark 1979, Froke 1986). Creative methods
must be developed that incorporate economic
potentials, current and future technologies and
social factors inherent to the area. This process
has started and is clear from the shift in legisla-
tion from exploitive to protective mandates
(Tables 3, 4, and 5). Additional efforts should in-
clude the identification and implementation of
economic incentives, development of additional

SOCIAL
‘Settlement
Population Growth
Pests, Disease (Mosquitoes) -
Attitude Toward Wildlands

N\

legislation, continued purchase and/or ease-
ments of important habitats, promoting changes
in farm products, and educating the public
revardmv the importance of Grassland habitats.

FUNCTIONAL SIZE -

The size of the Grassland Ecosystem must be
protected. Size is one of the critical factors that
determines whether a species has the space
necessary to meet life history requirements. In
addition, the type and diversity of habitats,
whether natural or agricultural, is a critical
component when determining the required size
of an area. The relationship between habitat
size and survival for each organism inhabiting
the Grassland study area has not been estab-
lished, but a clear relationship exists between .
the size of an organism and size of the home
range essential for survival of a viable popula-
tion (Fig. 22). Even though the Grassland study
area encompasses nearly 180,000 acres, this is a
minor fraction (4.5%) of the 4 million acres of

TECHNOLOGY

Engineering - Large dams

Water transportation systems
Mechanized Farm Equipment
Herbicides; Pesticides
New Varieties
Roads - Highways
Land-leveling

DECREASING
AREA AND
QUALITY

OF GRASSLAND

ECONOMIC

AND WETLAND

GOVERNMENT

HABITATS

Cereal Grains/Row Crops/Alfalfa
Cotton Farming

FruitNut Industry

Livestock Grazing/Cattle/Sheep
Dairy Industry

Poultry lndustry

Swampland Acts
lrrigation Districts
Flood Control Projects
Water Projects

Crop Subsidies
Drainage Subsidies

Fig. 24. Factors influencing the land-use and the amount and quality of native habitats in western Merced

County.
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wetland habitat that once was present in the
Central Valley.

The challenge of providing habitat area re-
quirements in the Grasslands is similar to the
conditions surrounding urban areas across the
U.S. Historically, disturbed sites were sur-
rounded by large areas of native habitats. In
contrast, current landscapes are characterized
by small areas of remnant habitats in the midst
of disrupted environments. Consequently, the
importance of non-preserve lands or those not in
public ownership is as important as parks and
preserves for maintaining biodiversity and
ecosystem functions (Norse et al. 1986, Wilcove
1988). In many cases, however, the combined
land base remains small relative to the area re-
quirements of all species composing an ecosys-

‘tem. Thus, consideration must be given to the
types of benefits that can be effectively and
reliably provided for certain species, while
realizing that efforts to assure the viability of
certain populations will likely create conditions
that will compromise the survival of others
. (Samson and Knopf 1983, Scott et al. 1991).

One of the greatest values of the Grassland
study area is that it is the single largest block of
wetland habitat remaining in the state of
" California and accounts for about one third of all
wetlands remaining in the entire Central Val-

ley. Furthermore, the Grasslands also represent

the most important habitats remaining in the
San Joaquin Valley, accounting for about 75% of
the remaining wetland habitat. If this habitat

were to diminish in size or be further degraded, -

the impacts -would influence not only the local
area but also have a profound impact on all the
migratory species that use the Grasslands as a
southern terminus during their annual cycle, ex-
ploit Grassland resources during their annual
movements between their wintering and breed-
ing grounds, or depend on these habitats for
breeding.

CONTROL FRAGMENTATION

Even though the study area represents the
largest remaining contiguous block of wetland
habitat in the Central Valley, the existing
habitat is highly fragmented. Every effort
should be made to control any additional
developments within the Grassland study area
that will result in further fragmentation. Ex-
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pansion of transportation corridors; develop-
ment of new roads; construction of new electric
transmission lines; and expansion of wastewater
treatment facilities, golf courses, and urban
areas are only a few examples of developments
that contribute to a continuation of fragmenta-

‘tion. Foremost among the factors that determine

the effects of fragmentation is the connectivity
of biological processes (Noss 1991). Preserving
the size of all remaining habitats is critical be-

“cause as habitats are fragmented and isolated,

biological processes are disrupted and interact-
ing functional components of the larger system
are degraded. Thus, the location and area of
habitat impacted by such developments should
be considered carefully in the planning process.

EXPANSION OF PUBLIC LANDS AND
EASEMENTS

The importance of Grassland habitats to
California, the Pacific Flyway, and the Nation
should be used to justify the necessity of acquisi-
tion strategies to assure protection of all wet-
land types, develop reserves of adequate size to
protect target populations, and promote the
development of habitat corridors to link proper-
ties administered by state, private, and federal
organizations. Expansion of state or federal
ownership of key habitats and/or corridors im-
portant to maintaining wetland functions and
values in the Grassland study area should con-
tinue.

Easements have been and will continue to be
a valuable tool for protecting the Grasslands.
The focus of current and historic easement ef-
forts have been to secure a core area of wetland
habitats. This strategy can be embellished in
two ways. The first requires advanced planning
to secure areas that connect existing habitats
and insure the integrity of biological processes.
The second strategy requires integrating
programs and goals with the private sector to
create a buffer zone of open lands surrounding
the Grassland Wildlife Management Area.
Developing such cooperative ventures with the
private sector is the essence of the theme sug-
gested by Morse et al. (1986) and Wilcove
(1988). Careful planning allows private in-
dividuals to continue meeting economic objec-
tives but within a framework that maximizes

‘wetland and wildlife benefits.
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RECOGNITION OF GRASSLAND
HABITATS AS IMPORTANT RESERVES

‘The unique nature of the Grassland habitats
are of sufficient significance that recognition of
this area as a special reserve is worthy of inves-
tigation. The Ramsar Convention identifies wet-
lands of international importance. Efforts
should be made to determine the feasibility for
adding the Grasslands as a Ramsar Wetland.
Identification of other programs that may con-
tribute to increased recognition or protection of

. the Grassland region also should be explored.

AREA OF CRITICAL IMPORTANCE

The area of critical importance must be one
that allows natural processes to continue with min-
imal interference and to prevent conflicting
management from disrupting farm, commercial,
urban, or wetland management. Protection of
natural corridors and land surrounding the
Grassland study area, prevention of additional
hydrologic changes, and reducing management con-
flicts between different sectors within this core area
are critical to maintaining system integrity. Clear-
ly, protection of the core area of wetland
habitats should continue as the focus of local
easement and land protection programs.
Promoting connectivity of habitats will increase
the value of this program. '

WETLAND MANAGEMENT

The development of agriculture was the
primary reason for the loss and conversion of wet-
land habitats in the Grassland Study Area.
Nationwide, intensive management on federal,
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ditions. ~ Existing wetlands are

- state, and private wetlands has been recognized

as providing important habitats for wetland
wildlife (Kadlec and Smith 1992, Kaminski and

- Weller 1992). Although current wetland dis-

tribution differs from historic conditions,
modern landscapes are dominated by a different
proportion of wetland types and current func-
tions and values are different from pristine con-
critical  for
wetland wildlife within Merced County and in
the Pacific Flyway. Although management ac-
tivities can be disruptive to hydrological regimes
or provide benefits for some species while com-
promising conditions for other species. the
strategies used in intensive management are
necessary to- maintaining values and functions
that relate to biodiversity (Fredrickson and Reid
1986, 1990, Laubhan and Fredrickson 1993,
Fredrickson and Laubhan 1994b). As new oppor-
tunities with additional lands and programs are
implemented, as new information is generated,
and as the status of plant and animal species
change, changes must be made in the strategies
used in wetland management (Fig. 25). Manage-
ment of every site in North America likely can
be improved and the Grasslands are no excep-
tion. The judicious development and modifica-
tion of wetlands, the use of substrate
manipulations, and the effective use of water in
intensive wetland management are all part of
the bigger picture to maintain the functions and
values of remnant wetlands. These actions must
be well planned and implemented to maximize
the potential of this important remnant wedand
complex in the San Joaquin Valley.
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|
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No Yes

Alter Managemant
Strategies Through
Education

S
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.
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Fig. 25. Considerations required to make wise management decisions in man-modified landscapes.
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APPENDIX 1. SCIENTIFIC NAMES OF BIRDSNOT

APPEARING IN THE TEXT

Pied-billed grebe, Pdilymbus podiceps
Western grebe, Aechmophorus occidentalis
American bittern, Botaurus lentiginosa
Great egret, Casmerodius albus

Snowy egret, Egreita thula
Green-winged teal, Anas crecca
Blue-winged teal, Anas discors

Northern shoveler, Anas clypeala
American wigeon, Anas americang
Canvasback, Aythya valisneria
Ring-necked duck, Aythya collaris
Turkey vulture, Cathartes aura
White-tailed kite, Elanus caeruleus
Red-shoulderéd hawk, Buteo lineatus
Red-tailed hawk, Buteo jamaicensis
Rough-legged hawk, Buteo lagopus
American kestrel, Falco aparvirius
Ring-necked pheasant, Phasinus colchicus
California quail, Callipepla californica
Coot, Fulica americana ‘

Lesser sandhill, Grus canadensis
Black-bellied plover, Pluvialis squatarola

Semi-palmated plover,
Charadrius semipalmatus
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Greater yellowlegs, Tringa melanoleuca
Lesser yellowlegs, Tringa flavipes
Solitary sandpiper, Tringa solitaria
Willet, Cataptrophorus semipalmatus
Spotted sandpiper, Actitis macularia
Whimbrel, Numenius phaepus

© Marbled godwit, Limosa fedoa

Sanderling, Calidris alba

Western sandpiper, Calidris mauri
Least sandpiper, Calidris minutilla
Dunlin, Calidris alpina

Ruff, Philomachus pugnax
Dowitcher, Limnodromus spp.
Common snipe, Gallinago gallinago
Red-necKed phalarope, Phalaropus lobatus
Ring-billed gull, Larus delawarensis
California gull, Larus californicus
Mourning dove, Zenaida macroura

" Great-horned owl, Bubo virginianus

European starling, Sturnus vulgaris
Réd-winged blackbird, Agelaius phoeniceus

Yellow-headed blackbird,
Xanthocephalus xanthocephalus

Brewer's blackbird, Euphagus cyanocephalus
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EXHIBIT 12

Korschgen, C.E. and Dahlgren, R.B., U.S. Fish and Wildlife
Service, Fish and Wildlife Leaflet 13.2.15, “Human
Dlsturbances of Waterfowl: Causes, Effects, and

' Management
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Human disturbances of waterfowl can be
intentional or unintentional. They may result from
~vert or directed activities or may be ancillary to

:tivities not initially thought to be of concern to
birds. Some of these disturbances are manifested
bv alertness, fright (obvious or inapparent), flight,
¢ vimming, disablement, or death. Therefore,
persons responsible for waterfow]l management
areas should be aware of the problems from human
¢ sturbance and should design management and
facilities that increase public appreciation of
waterfowl. . :

 In the last 20 years, the intensity of
v iter-based recreation increased drastically,
especially on inland waters. Waterfowl are wary,
s :king refuge from all forms of disturbance,

£ rticularly those associated with loud noise and . -
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- rapid movement. Occasionally, the pfoblem of

human disturbance of waterfowl resulted in formal
litigation. In Nevada, for example, the Refuge
Recreation Act of 1962 was affirmed to permit
recreational use only when it did not interfere with
the primary purpose for which the Ruby Lake
National Wildlife Refuge was established.
Compatibility of an activity is based on site-specific
effects on the major purposes for which a refuge
was established. In a recent survey of harmful and
incompatible uses on national wildlife refuges, 42
use categories were determined that could be
potential disturbances of waterfowl.

Activities That Cause
Disturbances

Given the frequency of human disturbance of
waterfowl, information from research about this
issue is scant. A review of several thousand journal
articles and books revealed that most disturbances
are created by water users (chiefly boaters,
anglers, hunters) and aircraft (Table). Human
activities cause different degrees of disturbance to
waterfowl and may be grouped into four main
categories. Listed in order of decreasing
disturbance these categories are

1. rapid overwater movement and loud noise
(power-boating, water skiing, aircraft);

2. overwater movement with little noise (sailing,
wind surfing, rowing, canoceing);




3. little overwater movement or noise (wading,
swimming); and '

4. activities along shorelines (fishing,
bird-watching, hiking, and traffic).

Disturbances displaced waterfowl from feeding
grounds, increased energetic costs associated with
flight, and may have lowered productivity of
nesting or brooding waterfowl. Many authors
either directly or indirectly implicated themselves
as a cause of disturbance during their studies of
waterfowl.

Effects on Breeding Waterfowl

Annual increases in waterfowl numbers are
determined by several components of reproduction,
including the number of breeding pairs, hatching
success, and survival of the young. Human
disturbance can reduce several of these
components, and, in time, result in a declining
waterfow] population.

Declining Numbers of Breeding Pairs

Disturbances during critical times of the
nesting cycle eventually cause ducks to nest
elsewhere or not to nest at all. In Maine, American
black ducks and ring-necked ducks did not nest
under conditions of excessive human disturbance.
Mallards at the Seney National Wildlife Refuge in
Michigan failed to nest in areas open to fishing.
Some Wisconsin lakes bordered by homes were so

heavily used for recreation that breeding ducks did

not use otherwise suitable habitat. In Germany, an
85% decrease of the breeding stock of ducks at two
small ponds presumably was caused solely by
disturbance from an increasing number of anglers
during the waterfowl breeding season. Numbers of
mallards, green-winged teals, northern shovelers,
pochards, and tufted ducks decreased from 26 pairs
to 4 pairs during an 8-year period. Human activity
on islands can altogether discourage nesting in
waterfowl.

Increased Desertion of Nests

Studies of several species of waterfowl
identified human disturbances as the cause of
desertions or abandonments of nests, especially
during early incubation. Disturbance from
observers caused a 10% nest abandonment rate by
mallards using artificial nest baskets in an Iowa
study. Frequent visits to goose nests by biologists

Table. Human disturbances of waterfowl by source of

glisturbarwg, effect, and number of citations in 211
Journal articles on the subject.

Number

Subject
of citations

Sources of Disturbance (in alphabetic order)

Aircraft
Airplanes " 15
Helicopters 10
General 22
Anglers (see fishing)
Baiting/artificial feeding 7
Barges/shipping ' 9
Boating (boats, canoes, rowing, airboats,
sailing) €6
Cats : 2
Development (industrial, pollution,
urban, construction) 24
Dogs 6
Farming 19
Fishing ’
Commercial 5
Sport (angling) B0
Hazing (scaring) 12
Human activity/disturbance, general 68
Hunting
Sport : ' 71
Subsistence 2
Military ' b
Noise . 22
Recreation
General ' 18
Aquatic 27
Research/investigator 15%3]
Roads
General 10
Traffic 11
Trains 1
Trapping :
Furbearer . . 1
Waterfowl o b
Effects (in alphabetical order)
Breeding chronology interrupted 2
Brood breakup 14
Brood rearing disrupted’ 7
Energetic cost (flight) increased 23
Family breakup ' 6
Feeding interrupted or decreased 62
Molting birds harrassed 9
Nest/nesting
nest disturbed by researchers 66
nest disturbed by others 27
nesting success reduced 14
Predation on clutches and chicks
increased because of research 31

Wariness (alertness, tolerance distance) increased 43
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caused nest desertion rates as high as 40%.
Canada geese nesting in southeastern Missouri
were very sensitive to persons fishing in their
nesting areas. Establishing areas closed to fishing
during the nesting period decreased nest .
desertions.

Reduced Hatching Success

Human disturbance has three basic effects on
nesting success, that is:

. 1. exposure of eggs to heat or cold by flushing of
hens may kill the embryos; ]

2. predation of eggs may increase when hens are
flushed from nests; and

3. predation of eggs and hens may increase at nests
-when humans create trails or leave markers by
which predators find nests.

When nests of cackling Canada geese were
checked several times before hatch, twice the
number of eggs were lost to predators. Where
human activities disturbed Canada geese or
common eiders that were nesting among
black-backed gulls, herring gulls, or parasitic

~imegers on islands or tundra colonies, the gulls and
jaegers often quickly located and consumed eggs in
waterfowl nests unoccupied because of human

. listurbance.

Decreased Duckling Survival

Disturbance by humans during the brood
rearing season can break up and scatter broods or '
righten parents into running ahead of their
uucklings or goslings. Young waterfowl briefly
separated from their mother are vulnerabie to
redators and susceptible to death from severe
-eather or lack of experience in obtaining food.
Disturbances drastically increase kills by gulls of
>mmon eider ducklings. For example, the number
" eider ducklings killed by gulls in Sweden was
200-300 times greater when broods were disturbed
bv boats. In northern Maine, American black duck
1d ring-necked duck broods averaged two fewer
vacklings because of mortality from disturbance by
motorboats. Human disturbance caused a higher
! .an normal mortality rate of trumpeter swan
¢_gnets in a study area in Alaska. Human
disturbance can be quite brutal and direct; water
s" iers and power boaters have run over '
1 1ite-winged scoter hens and broods, and some -
boaters have used paddles to kill ducklings.
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Effects on Nonbreeding
Waterfowl

Migratory and wintering waterfowl! generally
attempt to minimize time spent in flight and
maximize time for feeding. Flight requires
considerably more energy than any other activity,
except egg laying. Human disturbance compels
waterfow] to change food habits, feed only at night,
lose weight, or desert the feeding area. Waterfowl
respond both to loud noises and rapid movements,
such as boats powered by outboard motors, and to
visible features, such as sailing boats. Large flocks
of waterfowl] are more susceptible to disturbances '
than small flocks. :

Not all waterfowl species are equally sensitive
to disturbance, and some may habituate to certain
disturbances. Pink-footed geese were disturbed at a
distance of 500 m when more than 20 cars per day
used a road in the fall. Traffic of as few as 10 cars
per day also had a depressing effect on habitat use
by geese. Thus, the swrrounding buffer area must
exceed 500 m to render habitat acceptable to flocks
of pink-footed geese. Some waterfowl, especially
diving ducks (notably canvasbacks and lesser
scaups) and geese (notably brants and 8now geese)
are especially vulnerable to disturbance. Density
and pattern of disturbance may influence diving
ducks more than dabbling ducks in most areas.
Repeated disturbances also can deny birds access
to preferred feeding habitats. Use by diving ducks
of several good feeding areas along the Upper
Mississippi River has been limited primarily by
boating disturbances that cause 90 percent of the
waterfowl to concentrate on 28 percent of the study
area during daytime.

Increaéed Energy Expenditure and
Depleted Fat Reserves

In the absence of disturbance, brants in Great
Britain spent an average of 1.1% of their time in
flight, but disturbance on weekends caused the
time spent in flight to increase as much as
sevenfold and prevented brants from feeding for up
to 11.7% of the time. Detailed studies are few, but
observations suggest that the effects of intensive
recreation during the fall and winter could be
deleterious to migrating and wintering waterfowl.

Researchers who attempted to quantify the
harm from disturbances on migrating and
wintering waterfow! indicated that frequency of
disturbance, number of affected birds, and changes




in behavior are greater than most suspected. For
example, each duck and American coot on
Houghton Lake, Michigan, was disturbed on the
average of 1.5 times per weekday and more than 2
times during weekend days. On Navigation Pool 7
of the Upper Mississippi River, an average of

17.2 boats passed through the study area each day
and resulted in 5.2 disturbances per day and a
minimum of over 4 min of additional flight time per
disturbance of waterfowl. Birds may have flown up
to an additional hour each day because of human
disturbances. Over 2500 tundra swans left their
most important feeding area on the Upper
Mississippi River in response to two small boats, _

Changed Migration Patterns

Prolonged and extensive disturbances may
cause large numbers of waterfowl to leave
disturbed wetlands and migrate elsewhere. These
movements can be local in areas of plentiful
habitat or more distant and permanent in areas of
sparse habitat, causing shifts in flyway migration
patterns. Extensive disturbances on migration and
wintering areas may limit the use by waterfowl
below the carrying capacity of wetlands. Daily
disturbance by boaters may have been responsible
for eliminating the brant population that once
spent November and December on Humboldt Bay,

California.

Management Considerations

Fortunately, numbers of breeding waterfowl
usually increase in response to reduction or
elimination of human disturbances. For the benefit
of waterfowl, the harm from human disturbances
must be minimized or eliminated. Management
alternatives that reduce human disturbances of :
waterfowl include:

1. increasing the quantity, quality, and distribution
of foods to compensate for energetic costs from
disturbances; '

2. establishing screened buffer zones around
important waterfowl roosting and feeding areas;

3. reducing the number of roads and access points
to limit accessibility to habitats;

1. creating inviolate sanctuaries; and

reducing the sources of loud noises and rapid

movements of vehicles and machines. '

W
.

Disturbances occur chiefly during all critical
>arts of the annual cycle of waterfowl-—nesting,

-Disturbances of nesting birds may cause

brood rearing, migration, and wintering. Each part -
of the cycle is crucial to the breeding and survival

of waterfow! populations. Common to all parts of

the cycle is disturbance while feeding, which may

increase flight time and decrease feeding time.

abandonment of the nest, disruption of the pair
bond, reduction in clutch size, increased egg
mortality, abandonment of the nesting area, and
increased predation of the nest. Disturbances
during brood-rearing may cause exhaustion of
young ahd an increase in losses from predation.
These disturbances can be lessened or their effects
mitigated on refuges or other areas managed for
waterfowl. Because disturbances are sometimes
caused by professional wildlife managers or
researchers and private citizens, creation of
sanctuaries is often necessary at critical times and

- locations. Access to roads and trails can be limited

for professionals and for bird-watchers, Activities
of other users of wildlife, such as trappers and
hunters, may have to be restricted in space and
time; boating, angling, camping, and picnicking
may be restricted similarly. Human disturbance
often is increased by viewing platforms and :
waterfowl can be viewed at a closer distance if the ’3
platform is screened with vegetation and made '
more like a blind. Proper screens and appropriate
control of noise let people really enjoy wildlife close
at hand. ,
Structures such as pumping stations and
maintenance buildings on wildlife areas should be
screened and placed where necessary human visits
cause the least disturbance of waterfowl.
Disturbances, particularly at critical times of the
year, can be reduced notably by restricting access of
pedestrians, autos, and boats; by regulating
activities such as farming, grazing, bait collecting,
camping, hunting, fishing, and trapping; and by
prohibiting the use of nets that can entrap diving
ducks. Access by dogs and other pets should not be
permitted in critical areas during the nesting and
brood-rearing periods. Airboats, aircraft, and
all-terrain-vehicles are often useful to managers of
waterfowl and wetland, but their use must be
carefully planned to minimize harm from sight or
sound. Construction of dikes, canals, water control
structures, roads, and similar structures and
military uses of wetlands or refuge areas should be
scheduled for non-critical times in the annual ’3

- activity eycle of waterfowl.

Disturbance of feeding waterfow! can
sometimes be mitigated by acquiring feeding areas
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on privately owned land to create a sanctuary or by
practicing moist soil management and thus
increasing the availability of highly nutritious
foods in the refuge or wetland areas. With careful
planning, deleterious effects of human disturbance
on waterfowl] can be mitigated or eliminated by
creating sanctuaries in time and space (Figs. 1

and 2).

Managers must aggressively protect waterfowl
from any human disturbance that reduces
productivity and health of populations. To
accomplish this goal, managers must resolve
conflicting interests between needs of the public

* and needs of wildlife and researchers must gather

more data to provide a greater range of
Inanagement opticns.
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A HEADGQUARTERS -
‘ﬁ REFUGE STAFF
B\

. Spring and Summer

Ducks nest along dikes and in the uplands, and geese
nest in tubs on end of lake. Fewer pairs are nesting each
year, and many nests are abandoned or destroyed.
Predation rates are high, especially in disturbed
areas. Disturbance factors seem to be automobiles on tour
routes, anglers on shores and in boats on the lake, hikers
on trails, and users of the observation tower.

Females hatch large clutches, but survival of young is
Jower than expected. . - ’)/

Fall and winter

The lake is an important staging area for several
species of diving ducks; large numbers of ducks and geese
feed in the uplands on and around the refuge. Waterfowl
numbers are decreasing despite favorable habijtat. The
frequency of human disturbance seems to have increased,
especially from hunters, late season anglers and boaters,
the auto tour, hikers, and wildlife watchers. It is also
apparent that refuge staff are spending a lot of time
working on minor projects.

o

Fig. 1. Example of waterfowl refuge with excessive level of human disturbance of waterfowl.
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Spring and summer

Provide educational information so that the public
knows the effects of disturbances on the predominant
species,

Seas'onally close or restrict use of auto tour, Users of
auto tour must stay in vehicles and stop in only
designated parking areas. v

Seasonally close or restrict use of hiking and cance
trails. .

Close or restrict the fishing season during peak nesting
period. ' :

Permit camping in only designated areas, .
Delay hay cutting until most clutches have hatched,
Prioritize and limit special use permits, '

Limit access until most young waterfow] are three
weeks old,

AVOIDANCE AREA

| \
wwon s
FOOD FEEDING ‘
CROPS AREA

mings B Ery
<

Fall and winter

Provide educational information so that the public
knows the migration and wintering requirements of
the predeminant species.

Reroute auto tour to areas of secondary importance to
waterfowl.

Move or screen observation towers.

Close selected areas of the refuge to public access.
Create voluntary avoidance areas on federal and state
waterways,

Modify regulations to restrict disturbances from hunting
and trapping.

Move water pumping statjons away from bird
concentration areas.

Raise high quality waterfow! foods on refuge land. "
Limit size and horsepower of boats on the lake.
Disallow use of airboats.

Obtain short term leases and prevent trespass on
Private lands that contain waste grain,

Limit the time that refuge staff spend in high waterfowl]
use areas. : .

Delay construction unti] non peak seasons,

Fig. 2. Examples of management practices that have reduced the level of human disturbance of waterfowl at a refuge.
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Appendix. Common and Scientific N ames of Birds N ained in Text.

Ducks

Northernshoveler . ... ......... ... .. ............... .. . Anas clypeata
Green-wingedteal ......................... e e e e e e ., Anas crecca
Mallard . ..................0..... e e e e e e e e Anas platyrhynchos
Americanblackduck ... ....... .. ... . .. ... ... e Anas rubripes
Lesserscaup . . . . .. .. . u i e T T Aythya affinis
Ringmeckedduck . ......... ... ... ... ... . ......... . .. -« . . Aythya collaris
Commonpochard . ................... e e e e e e e e e e Aythya ferina
cTuftedduck . ... L. e Aythya fuligula
Canvasback St e e ... Aythya valisineria
White-wingedscoter . . . ... ... ... L. L Melanitta fusca
Commoneider . . . ... ... ... ... Somateria mollissima
Geese _
Pinkfootedgoose . ... .......... ... . ... .. Anser brachyrhynchus
SHOW gO0SE .+ . ... e Anser caerulescens
Brant ..... e e e e e B I R T T e e e . Branta bernicla
Canadagoose . ............ .00 Branta canadensts
Cackling Canadagoose . . . . . ... v i v v v e s e Branta canadensis minima
Swans v
- Trumpeterswan . ......... e e e e e e e e e e e e e e e e e e Cygnus buccinator
Tundraswan . ....... ... ... .. e e e Cygnus columbianus
Other
Americancoot . . ... .. ... . . e e e e e e e Fulica americana
Herringgull . ........,... K . . . Larusargentatus
Great black-backed gull . .............. e e e e e e e e e e e e Larus marinus
Parasiticjaeger ... ... ... e e e e e e e e e e e e e Stercorarius parasiticus

Note: Use of trade names does not imply U.S. Government endorsement of commercial products.

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE '
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EXHIBIT 13

Hostege, “Truth May Have Come off the Tracks,” Oakland
Tribune (August 22, 2004)
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On April 23, the Japanese expert duly complied with a three-page
report, finding "it is reasonable to eliminate the (Altamont) option.” On
May 10, came the bill. "Cost for the review task: $10,000," the
Japanese expert wrote.

Morshed said the letters stemmed.from a U.S. Environmental
Protection Agency request. A Feb. 27 EPA letter copied to Morshed
noted concern that the Altamont route "appears to have been
prematurely eliminated.” Morshed said his Senate appearance was all

a misunderstanding.

"The question was "Why didn't you study it?' and | said we did,"
Morshed said. He said he only intended to imply that foreign
consultants reviewed the whole plan and "did not find fault with our
assumptions,” including the Altamont.

"How they construe that to be misleading, | don't know,” he said.

But lawmakers on the committee had no doubts. "It sounds like Mehdi
said he had a study that predated their decision and it informed their
decision. Now it looks like they are making it up as they go along,”
said Sen. Tom McClintock, R-Thousand Oaks, who sat on the
committee hearing.

“l am not surprised that phantom studies are being waved before the

Legislature,” McClintock added. "I think this entire project has been a
fraud since the day it was proposed.”

"I don't know how you could interpret it any other way,” said Brian
Perkins, transportation adviser to Sen. Jackie Speier, D-Hillsborough,
who also sat on the committee.

More troubling to Perkins, who called Morshed's actions "not
intellectually honest,” was a document missing in his public records
disclosure. Correspondence between Leavitt and the Japanese expert

e refers to an e-mail dated Feb. 17 -- the same day Morshed testified.

"It's like the missing 171/2 minutes,” Perkins said, referring to the
erased gap in the Oval Office tapes that helped force Richard Nixon
from the presidency. "They apparently learned from Mr. Nixon that
you burn the evidence.”

French consultants, working under a High Speed Rail Authority
contract, also had offered an opinion to the authority. They noted an
Altamont route "would not be practical," and they peer-reviewed the
agency's work in 2000 and found it "sound and reliable.”

The Feb. 11 letter was written by engineers at SNCF, parent company
to Systra Consulting. Systra is one of three firms picked for the
"Project Implementation Team," which stands to make $10 million a
year if California's rail bond passes.

Flashman said Morshed's team "got back what they wanted" from a
firm with an incentive to deliver.

Veteran San Diego lawmaker James Mills, who quit the California
High Speed Rail Authority board, is not surprised.

"One of the reasons | left is | couldn't get the truth out of Mehdi
Morshed. Mehdi is one of those people who has a hidden agenda on
everything," Mills said, "He would only tell the truth when it was

convenient.”
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Mills described the entire project as "based on a fallacy” of wildly
_exaggerated ridership projections. It sterns, he said, "from hiring a
consulting firm (and) letting them know what you want them to say."

Morshed said Mills is "full of (it),” describing him as someone who
used his position on the board to help California’s intercity Amtrak
service and undermine the bullet train.

But some Central Valley politicians involved in the rail issué side with
Mills.

"Their story changes depending on their audience,” Kings County
Supervisor Alene Taylor said. "They have not been honest with the
public. It's how they do business."

Contact Sean Holstege at sholstege@angnewspapers.com .
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EXHIBIT 14

Grassland GEA Buffer Zones and Zones of Conflict Map







Figure 8
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EXHIBIT 15

Dean Kwasi Letter (November 3, 1999)







Grassland Water Distriet REC FIVED
22759 §. Mercry Springs Road Na g & 1999

Los Banos, CA 93635 ol
Telephnne (209) 826.5188 TY Ui 1.58 panps

Fax (209) 826-4984

November 3, 1999

Ms. Lynn Azevedo, Planning Director
City of Los Banos

520 J Strest :
Los Banosg, CA 93635

RE:  Draft Environmental Impact Report for the Mcadowlands i} Development and
Annexation/Pre-Zoning, East Los Banos Arca Plan

Dear Ms. Azevedo:

Thank you for the opportunity to review and camment on the Draft Environmental
Impact Report (Draft EIR) for the Meadowlands 1 Development and Annexation/Pre-
Zoning, East Los Banos Area Plan (Project). In general, the Grassland Water District
(GWD) supports the Project and we commend the City of Los Banos and its effort to
address and protect the sensitive environmental resources east of the Project site. The
following comments are intended to assist the City in addressing some of the potential
environmental impacts and deficiencies associated with the Draft EIR. '

Contrary 1o assertions madc in the Draft EIR, the giunt garter snake (Yhamnophis gigas),

a state and foderally listed threatened specics, is nol only historically known to the peeur
in the Grasslands but has been dooumented within the last two years in waterways both
north and south of the City of Los Banos. As a result of'a cooperative research effort
between the Western Fcological Research Center, CA Department of Fish and Game,

1 U.S. Fish and Wildlife Service, and Grassland Watcr District, eleven giant garter snakes
were documented in 1998 and sixteen giant garier snakes were documented in 1999
(Wylie 1998, CA Dept. of Fish and Game, in drafl, 1999). The majority of thesc snakes
were captured, weighed, measured, and markced with passively induced transponder (PIT)
tags for future identification. Thesc snakes were caught in both natural channcls and
waler conveyance canals. r

It is well documented that the giant garter snake inhabits waterways, including irrigation
end drainage canals, sloughs, and low gradicnt streams (U.S, Fish and Wildlife Service
1999). The San Luis Canal, & major conveyanoe canal for wetland water supplies (o
private wetlands, state wildlife Breds, and federal wildlife refuges, borders the Project on
the east. This canal contains the necessary habitat components for the giant garter snake
including; adcquate water during the snake’s asctive stason, populations of food
organisms, emergent, herbaceous wetland vegctation for cscape cover and foraging, and
grassy banks and openings in waterside vegetation for basking. In addition, the San Luis




Canal has the potential to function as & movement corridor for the giant. gafter'snake, as
. noted by the Draft EIR, “This Species [giant garter snake] may occasionally move onto
the Project site by land or via the San Luis Caunal (Cast Los Banos Area Plan Dreft EIR,

Page 7-3). '

Considering the San Luis Canal provides potential habitat for the giant garter snake, the
standardized survey protocol developed by the California Department of Fish and Game
(see attached) should be used to conduct pre-project surveys of the site. The
“reconnaissance level survey” conducted for the Drafl EIR, while useful for assessing
many of the biological resources of the Project site, falls shori of the more rigorous
protocol used to survey for giant garter snakes. This protocol includes, among other
things, surveying for giant garter snakes from April 15-June 1. The reconnaissance level
survey was conducted well outside of this time period (October 9, 1998). Asa result, the
Draft EIR only provides for & 50-foot bufFer along the San Luis Canal which is
insufficient to adequately protect the giant garter snake from incidental take, Although
the giant garter snake usually remains in close proximity to wetland habitats, giant garier
snakes can be found as far away a5 250 meters (820 feet) from the edge of marsh habitat
(G. Hansen 1988, Wylie et al. 1997). We therefore recommend that the buffer be
increased to a distance that ensures the giant paricr snake is not adversely impacted by
the Project. The U.S. Fish and Wildlife Service recommends a minimum buffer of 200
feet from the banks of giant garter snake aquatic habitat. By increasing the size of the
bufFer, potential impacts to the San Luis Canal and the piant garter snake can be Jessened.
The open space buffer could be constructed of native trees, shrubs, and grasscs and
incorporated into the Project design as an urban, non-vehicular trail systom.
Cve—— . . .
Thank you again for the opportunity to provide comments. The GWD is appreciative of
the professional and cooperative relationship we maintain with the City and we look
forward to providing any additional assistance necessary 10 ensure-that the project
proceeds in an cnvironmentally sensitive manner, I you have any questions regarding
these comments, feel free 1o contact me at (209) 826-5188. :

Sincerely,

Do b,

Dean Kwasny
Biologist, Grassland Water District |

cc: Richard Menezes
Dave Wi_del]
Dan Cardozo




EXHIBIT 16

Caltrans, Map of Los Banos Bypass Alternatives
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EXHIBIT 17

Terry Watt Comments and Attachments A-E







Terrell Watt, AICP

Terrell Watt Planning Consultants
1937 Filbert Street
San Francisco, CA 94123
terrywatt@att.net
office: 415-563-0543

GROWTH INDUCING IMPACTS OF THE HIGH SPEED TRAIN
PROJECT ON THE GRASSLAND ECOLOGICAL AREA

The DEIR/S fails to analyze the growth inducing impacts of the HST project on the Grassland
Ecological Area in Merced County.' The Grassland Ecological Area is an irreplaceable,
_internationally significant ecological resource located just north and east of Los
Banos. The proposed Pacheco Pass Alignment would bisect this area causing fragmentation and
other direct impacts. More: ommously, the growth-inducing impacts of locating a train station,
the Los Banos Station, in Santa Nella would most likely result in urban encroachment and
development pressures that could doom this area. The protection of this area has been the result
of private and public partnerships. Much of the area is privately owned managed wetlands used
for duck hunting clubs. The DEIR/S makes no mention of this area and fails to address the
significant growth inducing impacts of HST alternative on this area.

CEQA requires that an EIR contain an analysis of a project’s growth inducing impacts. Growth-
- inducing impacts are those that encourage or facilitate other activities or projects that could
significantly affect the environment. The “detailed statement” setting forth the growth inducing
aspects of a project must “[d]iscuss the ways in which the proposed project could foster
economic growth, or the construction of additional housing, either directly or indirectly, in the
surrounding environment.” CEQA Guidelines Section 15126.2(d). It must also discuss how a
project may “encourage or facilitate other activities that could significantly affect the
environment, either individuall’y or cumulatively” or remove obstacles to population growth.
Population growth in turn may impose new burdens on existing or planned community services.
Similarly, NEPA requires that agencies consider the indirect effects of a proposed action, such as
growth inducing effects and other effects related to induced changes in the pattern of land use,
population densﬁy or growth rate. 40 CFR 1508(b)

The general analysis of growth inducement that is included in the DEIR/S fails to accurately
“analyze and document the likely growth that could be induced and erroneously concludes that -
growth induced by HST will be beneficial after m1t1gat1on strategies are imposed. Lead agencies

' Ed Thompson, Esquire, President of American Farmland Trust California, contributed to this section. In preparing
her comments, Terrell Watt reviewed the applicable general plans and zoning for the proposed Los Banos station
and Pacheco alignment in the Grasslands area.

L029-105

L029-106

L029-107



cortega
Line

cortega
Line

cortega
Line

cortega
Text Box
L029-105

cortega
Text Box
L029-106

cortega
Text Box
L029-107

cortega
Text Box


- must not assume growth induced in an area is beneficial or of little consequence until it has
completed open minded analysis. CEQA Guidelines section 15126.2, subd.(d). Here the
DEIR/S conclusions concerning growth inducement are not supported by evidence. The exercise
of analyzing growth inducement is technically feasible and must be included in a revised
DEIR/S.

Major flaws in the DEIR/S approach to growth 1nducement include but are not limited to the
following: _

First, the DEIR/S fails to prov1de any analysis of the growth inducing potentlal of the proposed |
alternatives and in particular of the HST alignment and rail station in the Merced Grasslands

area. In fact, this important ecological area is not mentioned in the DEIR/S discussions of land |

use, loss of agricultural land or economic growth and related impacts. The proposed Los Banos
station is actually located in the small unincorporated community of Santa Nella in the County of
Merced, near the small city of Los Banos. The station location is currently general planned for
and zoned A-1, General Agrlcultural in the Merced County General Plan and is adJ acent to the
Grassland Ecolo gical Area. The Merced County General Plan describes the uses in agncultural
areas as follows: :

The Agricultural Residential land use designation is generally applied to areas considered
appropriate for the construction of single-family dwelling units on large lots in a semi-
rural environment, with less than a full range of public serv1ces General Plan Land Use

' Element page I-19.

The General Plan land use map shows a range of large-lot rural parcel sizes in the A-1 areas.
While the DEIR/S fails to analyze growth inducing impacts on this specific area, it does
conclude that HST would make it possible for people living almost anywhere in the Central
Valley to commute to employment centers in Sacramento, the Bay Area and Los Angeles.
“Transportatlon investments can lead to reduced travel time or cost [and] improved accessibility
to regions.” DEIR/S page 5-1. With respect to the general growth inducing impacts on Merced
County, the DEIR/S is clear that the most dramatic increases in employment and population
willoccur in that County:

+ ...while under the HST Alternative, Merced, San Franciseo, and Sacramento
Counties are projected to exhibit the highest growth rate. DEIR/S page 5-14.

« Significant increases in both employment and population would occur with HST in
Merced County over 2002 and No Project conditions. See Table 5.3-5 and Figures
5.3-2t0 5.3-4.

» ...the HST Alternative could be a strong influence in attracting higher-wage jobs
to the Central Valley. DEIR/S page 5-18 and Tables 5.3-5 to 5.3-7.

o The largest increase in population and employment (4%) would occur in the
‘Northern Central Valley region under the HST Alternative. DEIR/S page 5-23.
For example, Merced County would exhibit the largest relative increase in both

L029-107
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population and employment with implementation of the HST Alternative. DEIR/S
page 5-25.

* Increased employment opportunities should lead to personal income growth inall
regions of the state; this growth might be most pronounced in counties of the
Northern Central Valley under the HST Alternative, since that region is projected
to experience the largest employment gain. DEIR/S at 5-26.

Elsewhere, the DEIR/S concludes that HST will increase population by only 162,000 more than
the 6.5 million new residents expected to be in the Central Valley by 2035, accounting for only
3% of the projected increase (above). The “blackbox” growth model by Cambridge Systematics,
Inc., (CSI), which underlies the DEIR/S analysis, bases its conclusions concerning growth
mducement on the number of jobs within a 90-mile radius. Notwithstanding the overwhelming
evidence that this approach applied to remote areas like the Grasslands would result in
tremendous growth pressure, the DEIR/S concludes that HST will make little difference in the
future population of the Central Valley. This conclusion is simply wrong.

As recent growth patterns have indicated elsewhere in Cahforma accessibility to major
employment centers has triggered tremendous new growth.? The introduction of HST to the
_Grasslands area will make it possible for Bay Area residents to easily commute to and from them
“affordable suburban and rural housing in and around the Grasslands area and create significant
_pressure for growth of housing and new services in the area. That pressure will extend to the
‘privately held lands in and around the Grasslands that are not permanently protected. Additional
growth in the area also poses significant indirect threats as a result of increased populanon and
“pressure on farmlands and open space. The Merced County General Plan and Los Banos
General Plan’s lend themselves to a pattern of suburban and rural sprawl due to the
predornmance of low density general plan and zoning. The relative affordablhty of homes and
property in the area will be a tremendous draw for Bay Area workers to move to the area. > A
revised DEIR/S must disclose and analyze the likely growth inducing impact of HST on the area
including how introduction of the station is hkely to accelerate growth and increase demand for
subd1v1sxons and development.

Second, the DEIR/S conclusions that HST will lead to more efficient use of the land and hxgher
densities are simply not supported by the general plans or by evidence in the DEIR/S.
Incredibly, the DEIR/S concludes that the HST Alternative will result in significant land use
efficiencies over both the No Project and Modal Alternatives:

? Examples include the Auburn corridor as major new employers moved to the Sacramento region and north; the
Truckee area which is approx1mate1y 1 hour from the major new job growth in the Auburn Corridor and Reno.
Historical growth patterns in California clearly demonstrate that the close proximity of a major job center inevitably
leads to growth inducement for housmg within commute range. ‘HST will render the Grasslands area within close
commute range to major job centers in the Bay Area.

? As of the 2™ quarter of 2004, a median priced home in Merced County cost $228,000 and in Los Banos cost
$265,500. By comparison, during the same quarter a median priced home in San Jose cost 507,750, nearly twice the
cost of median priced home in the area near the proposed Los Banos station. In Gilroy during the same period, a
median priced home cost $550,000. See Attachment A hereto, California Real Estate Statistics for Merced and
Santa Clara counties.
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~+ “The efficiency for the HST Alternative is achieved in conjunction with the
“ highest population and employment growth rates of all alternatives and would be
6.3% more efficient than the Modal Alternative.” DEIR/S page 5-22.

* The HST Alternative provides an increments development density that is 4% more
efficient than the No Project Alternative, while the Modal Alternative is 2.3% less
efficient than the No Project Alternative. DEIR/S page 5-22 and Table 5.3-7.

This result is not likely in areas planned and zoned for very low densities. General Plans and
zoning for both the County and Los Banos in the Grassland area call for very low density
developme:nt.4 The typical development density in the limited High Density development areas
in Los Banos is only 15 units per acre. Most of the residentially designated vacant land in the
City is in the Low Density and Very Low Density designations ranging from 1 to 7 units per
acre. Hundreds of acres of land are in these low density categories would experience high
development pressures if HST is introduced to the area. Los Banos General Plan pages LU-3—
LUS. Merced County’s land use designations in unincorporated communities such as Santa
Nella (population approximately 500 persons), also provide for low densities consistent with the
agricultural surroundings and lack of a full range of services.

The DEIR/S fails altogether to analyze the HST’s role in inducing low density suburban and
rural residential development. This is among the document’s major flaws. The DEIR/S ignores
the “ranchette phenomenon,” which is the worst type of sprawl.” Census figures make it possible
to separate rural and urban populations. The DEIR/S simply fails to consider the tremendous
demand for this type of development and therefore fails to identify and analyze the additional
significant impacts related to that growth including increased traffic, increased pollution,
increased demand for services and infrastructure, accelerated and increased loss of open space,
agricultural and habitat land. The market forces set into motion by HST are likely to create
pressure for dramatic changes to the County general plan and accelerate development in the area.
In fact, new transportation facilities are classic for inducing and redirecting significant growth.’
In this case, the construction of the HST alignment and station in this relatively undeveloped and
rural area will likely induce growth permitted by the general plan, prompt general plan and

zoning amendments for additional growth and accelerate both urban and rural development.

* While the DEIR/S states that the Cambridge Systematics study considered county general plans and policies, there
is no evidence of this in the report. DEIR/S page 5-8. Moreover, the section identifies for subsequent analysis
“Land use studies for specific alignment and station areas potentially impacted, including evaluation of potential
land use conversion, potential growth, and potential community benefits.” DEIR/S page 3.2-27. These are all
analyses that must be included in a revised DEIR/S prior to any action on the project.

> The analysis completed by the American Farmland Trust (see comment letter submitted by AFT), suggests that
between 300,000 and 700,00 additional acres of land could be converted to rural ranchettes based on population
projections, current ranchette developnient trends and assuming an average of 5 acres per dwelling and 2.8 persons
per household. This trend will accelerate the subdivision of open space lands for ranchette development where HST
removes the barrier of accessibility to jobs. A :

© There is significant academic research on the topic of transportation and growth. A literature search provided a
number of key papers, which support the strong link between the introduction or expansion of transportation systems
(including rail and roads) and redirected growth. A major study by Professor Robert Cervero of the UC
Transportation Center concluded that: “...real estate investment has gravitated to improved freeway corridors...”
(page ii) and that “The preponderance of empirical evidence to date suggests that induced effects [of new and
) expanded roadways] are substantial.” (page 1). See Attachment B.
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Without analysis of facts the DEIR/S concludes that HST will minimize a variety of impacts
normally associated with growth due to its inherent incentives for directing urban growth:

“In short, the HST Alternative provides a strong incentive for directing urban growth and
- minimizing a variety of impacts that are frequently associated with growth. This
outcome 'would be seen in results for resource topics such as farmland, hydrology, and
wetlands, where the indirect effects of the HST Alternative are less than the Modal
Alternative, and in some cases less than the No Project Alternative, even with more
- population and employment expected with the HST Alternative.” DEIR/S page 5-34.

“Nonetheless, the results indicate that the HST Altemative_ would be able to
accommodate more population and employment growth on less land than the other
alternatives.” DEIR/S page 5-10. ’ '

The DEIR/S continues on to conclude that the growth potential with HST is “potentially
beneficial” with mitigation strategies. DEIR/S Table 7.3-1. These conclusions are not supported
'by adequate and transparent analysis or substantial evidence. Review of the applicable general
plans in the Merced Grasslands area suggests that the introduction of HST will not only induce
significant new growth but that the growth will occur in suburban and rural sprawl patterns most
harmful of habitat areas and farmland. Major studies have also shown that the introduction of
transportation facilities redirects growth. In this case, if alignments and stations are located in A
~ rural areas, growth and development in California could actually be redirected away from
existing urban areas and into more remote rural areas where high value agricultural and habitat -
lands occur: ‘See Attachment B. This would be far from a “smart growth” or beneficial effect of
HST. A revised DEIR/S must indicate the likely increase in subdivisions of rural land and map
those privately owned lands that will be subject to growth and development pressures.

Third, the DEIR/S fails to disclose the likely increase in demand in areas served by HST for .
second homes. The spectacular open space setting in and around the Grasslands area is highly
attractive for a second home market. The DEIR/S is silent on this potential growth inducing

- impact. The market for second homes has increased along with disposable income of the large
baby boom segment of the population.” A revised DEIR/S must include analysis of this
potentially significant impact on rural areas proposed to be served by HST. '

Fourth, the new Los Banos station is likely to require major new infrastructure and services. The
DEIR/S fails to reveal the extent of these facilities nor does it analyze the growth inducing
impact these new facilities will have in the immediate area of the station. A revised analysis
must include information about the types of services and infrastructure needed for the station and
how the extension of those facilities will remove an existing barrier to growth in the area.
Specifically, the DEIR/S should describe the current general plan and zoning of the station site
and surrounding areas; the existing status of services and infrastructure; services and
infrastructure that will be provided to serve the station; and the likely growth inducing effect of
the station and those facilities on adjacent lands.

7 See Attachment C, Baby Boomer Investors Fueling Second Home Market Sales.
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Fifth, the DEIR/S discussion of economic and growth inducement suggests that the introduction
of HST to the Central Valley will change the types of jobs in the reglon and lead to personal
. income growth

* Increased employment opportunities should lead to personal income growth in all
regions of the state; this growth might be most pronounced in counties of the
Northern Central Valley under the HST Alternative, since that region is prOJected

- to experlence the largest employment gain. DEIR/S at 5-26:

- The DEIR/S fails to analyze the likely results of this dramatlc change, including, but not limited
to-increased demand for larger, high end homes, increased demand for services and overall
increased in growth and development to serve the very different demands of higher income
individuals and families.

Finally, the mitigation strategies for growth inducement are not sufficient. While increased
concentration of development around HST stations in downtown locations has the potential to

avoid or minimize some impacts, the opposite is likely to be the case where stations are located -

“inrural areas. The Cambridge Systematic study suggests that “regulatory style efforts to
encourage increased density and a mix of land uses near rail stations have been effective.”
However, they also acknowledge that an exception to this would be the stations located outside”
the downtown areas of cities in the Central Valley. Moreover, specific mitigation measures,
such as urban growth boundaries, transit oriented development district planning and zoning,
housmg density and affordability requirements and the like directed at avoiding sprawl must be
in place prior to HST development. Studies that have evaluated the relationship of new transit
stations and development have largely concluded that: “...land use benefits from investments
in rail transit are not automatic. Rail transit can contrlbute to positive change, but rarely creates
change by itself. The hardware needs software — supportlve land use policies such as density
bonuses and ancillary infrastructure improvements — if it is to reap significant dividends.”
Attachment D, page 15. Similarly, Professor Cervero’s studies have concluded that better land
use planning and management is essential to securing “smart growth” outcomes. See
Attachment B.

Mitigation measures s that must be included in a revised DEIR/S include, but are not limited to
the following: : :

+ Requirements” for agreements with cities/counties the route traverses for “smart
growth” policies (e.g. in downtowns around stations specific programming for
higher densities; etc.; in rural areas specific policies for farmland protection, etc. )
Such measures could include rewarding cities that adopt higher, mixed used
densities with funding and other incentives. The Metropolitan Transportation

- Commission is currently studying the relationship between land use policies and
transit ridership. Policy options under study include requiring supportlve land use
policies in return for transit funds. See Attachment E.

« Up-front purchase of conservation and agricultural easements to either side of the
tracks and stations where located in undeveloped areas outside of cities and, within
and around the boundaries of the GEA. :
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» Establishment of urban growth boundaries in communities traversed by HST and
stations are located;
- Limits on new subdivisions outside of urban growth boundarles and the like.

Even with these measures identified in a revised DEIR/S, additional evidence must be provided
that they would actually have the desired affect in rural areas.

If they are wrong, CSI concedes that the model would produce a very different result,
presumably a much greater impact on the Central Valley.

“While the exact role of particular factors [shaping land development patterns] varies by
region, several influences are consistently important, including proximity to freeways,
access to jobs, site slope and site incorporation status. To the extent that these factors are
less important in the future, or are important in different ways — or, as is even more
likely, that other factors become important — the model results will vary widely than [sic]
what is presented here.” CSI, at H-5 :

Based on empirical evidence, highly regarded academic studies of the relationship of
transportation and growth and proximity of job centers to growth, the introduction of an HST
alignment and station will have a substantial and adverse growth inducing impact on the Los
Banos, Merced area. Stated in clear terms, the DEIR/S and CSI have incorrectly concluded that
* the growth inducing effects of HST will be insignificant and possibly even beneficial. A revised
-DEIR/S must include a completed revised and transparent analysis of the significant and likely
adverse growth inducing impacts of HST where it is located in rural areas of California,
including the Los Banos, Merced area. The new analysis must include effective mitigation
measures capable of reducing or eliminating these significant effects, such as those listed above.
The benefits of HST may be realized, but only if the project is redirected to serve existing urban
corridors and strong land use policies are required in advance of its construction to ensure that
HST does not lead to sprawling suburban and rural development and loss of high value
California landscapes such as the irreplaceable Grassland Ecological Area in Merced County.
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ATTACHMENT A







CAR statistics
2™ Qtr 2004 2™ Qtr 2003

iLos Banos - $265,500.00: $240,000.00:  10.6%

Merced - o $215,000.00' $185,000.000  16.2%

...................................................................................................................................................................................................................................

$566,000.00.  $486,000.00!

" $755,000.0 | $674,00000 12.0% |
$550,000.00; $470,000.00, 17.0%
$1,350,000.00 $1,11500000. 21.1%
$920,000.00 $735,000.00 25.2%
..................... s e B
$624,000.0 .
$575,00000. $500,000.00.  15.0%

$699,250.00;  22.6%

Milpitas

Morgan Hill

Mountain View

{Palo Alto n $857,500.00:

§Santa Clara

jseratoga

Isunnyvale 4575000

Median home prices contained in this chart were generated from .
DataQuick Information Systems. The price statistics are derived from all types of home sales — new and
existing, condos and single-family. Movements in sales prices should not be interpreted as changes in the
cost of a standard home. Median prices can be influenced by changes in cost, as well as changes in the
characteristics and size of homes sold. Due to the low sales volume in some cities or areas, median price
changes may exhibit unusual fluctuation. N.A. = Not available.
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New Study Finds Roads Just Redisinibuts Growth

Changes in Transit-Oriented Development Couid Balance Disparities

WASHINGTON, DC — Highway critics have focused on the way new roads increase congestion
when they should be tooking at how road improvements redistribute regional growth, contends
Robert Cervero, a University of California at Berkeley planning professor and author of a
groundbreaking study published in the Spring 2003 issue of the Journal of the American
Pianning Association (JAPA).

Ciick here to read the complate articis

"Roads induce growth at a corridor scale; however they don't do so at a regional scale,"
Cerveroe found. "Induced growth along [highway] corriders is really redistributed regicnal
growth."

The article is titled "Road Expansion, Urban Growth, and Induced Travel: A Path Analysis," and
was supported by a grant from the University of California Transportation Center.

Cervero's findings could have significant impact on billions of dollars of road projects as traffic
forecasters try to unscramble the tangled interaction between congestlon and new
development., Many regional transportation plans have been mired in political squabbles over
whether new roads increase sprawl and the extra vehicle trips associated with it. Highway.
critics have long claimed that improved roads fuel "induced demand" — additional travel or
diverted trips from paralle! routes. Cervero's new research indicates that the claim might’ be
exaggerated

"The contention that capacity additions are quickly_ébsorbed by increases in traffic and that
"you can't build yourself out of traffic congestion” might not hold in all settings," he found.

How road expansions induce development along highways — a phenomenon Cervéro calls
"induced growth" — may be more important than whether hlghway expansions decrease
congestion.

"Congestion relief ... does not necessarily make for a sustainable and livable metropolis,”
Cervero observed. "Thus residents of places that are able to build themselves out of traffic
congestion might not necessarily like what they get."

"This is an. important article on a very complex topic," said Stuart Meck, FAICP, a senior
research fellow with the American Planning Association (APA). "State transportation
departments often claim that they are only serving existing development, but this study shows
that capacity improvements actually make matters worse in some cases, although the time
frame is longer than many believe — as long as five to six years."

Cervero found that, over time, road improvements and the resulting swifter travel speeds spur
building activities along highway corridors. That growth fuels more traffic which then erodes
mast of the speed benefits of added capacity.

“The dommant effect of building roads is likely to reshufﬂe growth within a region, not to add
jobs and households," he concluded.
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Cervero's findings point up the nead to do a much better job in managing regional development
to balance the growth induced through highway expansions, Meck said.

One solution may be better planning of transit-oriented development (TOD). In an article in the
May issue of Planning magazine, Cervero suggests that TOD in the United States is deterred by
the huge parking lots surrounding metropolitan transit hubs. .

“Not only do the big lots consume real estate near stations,'but they also create unpleasant and
sometimes unsafe walking environments,” he notes.

Cervero touts *Green Connectors" — networks of pedestrian and bicycle friendly avenues that
feed into major transit routes — as replacements for the asphalt jungles that take up valuable
space that could be used for TOD. Green connectors have had enormous success in Europe and
parts of Latin America. Cervero believes that carefully crafted public policies and planning
visions can make them work here. ' '

*If cities as varied as Stockholm and Bogota can successfully implement green connectors to
trunk-line transit, so can American cities and suburbs,” he claims.

Skeptics contend that experiences from Europe and Latin America cannot be imported
successfully to the U.S. with its culture of independence and long love affair with the

automobile.
That's hogwash, responds Cervero.

“"Americans reveal their distaste for walking in unappealing environs by'going great lengths to
find a parking spot close to a shopping malt entrance. Yet they think nothing of walking one or
two miles once inside," he notes.

"The difference is that malls are génerélly dreaky on the outside but engaging on the inside — a
useful lesson for other places.”

Whether highway expansions will redistribute regional growth and whether green corridors can
jump start the kinds of TOD that can offset those effects wilt all depend on strategic
transportation planning based on sound econometric modeling. Cerverc's studies and creative
jdeas provide a starting point in developing robust models for creating more livable
communities. .

Click here to subscribe to the Journal of the American Planning Asscciation (JAPA) and Planning.
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Abstract

Claims that roadway investments spur new travel and thus fail to relieve traffic congestion,
‘known as induced demand, have thwarted road development in both the United States and
abroad. Most past studies point to a significant induced demand effect. This research
challenges past results by employing a path model to causally sort out the links between -
freeway investments and traffic increases, using data for 24 California freeway projects
across 15 years. Traffic increases are explained in tems of both faster travel speeds and
land-use shifts that occur in response to adding freeway lanes. While the path model
confirms the presence of induced travel in both the short- and longer-run, estimated
elasticities are generally lower than those of earlier studies. This research also reveals
significant “induced growth” and “induced investment” effects — real-estate development
has gravitated to improved freeway corridors';md' road investments have been shaped by
traffic trends in California. Fighting road projects on the gfounds of induced-demand
should b¢ carefully considered. Energies might be better directed at curbing mié—pricing in

the highway sector and managing land-use changes spawn by road investments.




Road Expansion, Urban Growth, and Induced Travel:
A Path Analysis

Few issues in the urban transportation field have spatked as much controversy and
threatened proposed road projects as claims of “induced demand”. For decades, highway
critics have charged that building new roads or expanding existing ones to relieve traffic
congestion is a futile exercise. -Improved roads simply spﬁr additional travel or divert trips |
from parallel roﬁtes, quickly returning a facility to its original congested condition. Traffic is
thought to behave more like a gas than a liquid ~ it expands to fill available space. Regional
transportation plans, such as in the San Francisco Bay Area, have been mired in legal and

political squabbles on the very grounds that théy failed to account for the possibility that
-new roads might induce sprawl and the extra trips associated with it. Claims of induced
demand have Spawned such clichés as “build it and they will come” and “you can’t pave our
way out of traffic congestion™. ' '

The prep()nael'ance of empirical evidence to date suggests that induced effects are
substantial. A widely cited study by Hansen and Huang (1997), based on 18 years of data

" from 14 California metropolitan areas, found every 10 percent increase in lane miles was
associated with a 9 percent increase in vehicle miles traveled (VMT) four years after road
expaxision, controlling for other factors. Another study of 70 U.S. metropolitan areas over a
15-year time period concluded that areas investing heavily in road capacity fared no better in
easing traffic congestion than areas that did not (Surface Transportation Policy Project,
1998). Based on a meta-analysis of more than 100 road expansion projects in the United
Kingdom, Goodwin (1996) found that proportional savings in travel time were matched by
proportional increases in traffic on almost a one to one basts, a finding that prémpted the
U.K. government to jettison its longstanding’policy, “predict and provide”, of responding to
traffic-growth forecasts by building more motorways. '

With the cumulative weight of evidénce on induced demand threatening road
projects in many parts of the United States, it bears noting that past research has recently
come under fire bn methodological grounds. Many studies can be faulted for failing to

introduce a normative behavioral framework for tracing impacts, one that accounts for




intermediate steps berween road improvements and traffic growth and that allows for two-
way causality (DeCorla-Souza and Cohen, 1999; Cohen, 2001; Pickrell, 2001; Cervero, 2001).

Using data for a panel of California freeways, this paper aims to fill past
methodological gaps by postulating and empirically testing a path model of induced travel.
A short-run model, which focuses on relationships within a one-year time frame, holds that
changes in road supply affect travel speeds, which nearly instantaneously affect traffic levels.
In contrast to most recent analyses of induced demand that measure VMT growth as a direct.
function of lane-mile additions, this analysis introduces an important intermediate stép -
namely, that road improvements confer benefits, in the form of higher travel speeds, and
that it is changes in operating conditions that influence demand, not the physical attributes
(e-g., lane miles) of a project. A longer-run model traces how road investments induce major
building activities over a zﬁulti—year time hobrizon and how resultinfr land-use shifts in turn
lead to increased travel. A feedback loop is also modeled, capturing. how traffic growth
influences road investment decisions.

Econometric rnodels are called upon to sort out the relative influences of land-use
shifts in stimulating frafﬁc vis-a-vis travel behavioral adjustments that are normally
associated with induced demand. To the degree that induced travel is found to be a
conbequem.e of lona-term structural ad;ustments land-use management and planning gams

“all the i xmpoxmn(.e as a tool for managing traffic levels.

1. The Anatomy of Induced Demand

Road improvements are thought to have distinct near- and longer-term impacts. In
the short run, increased capacity prompts behavioral shifts — some formerly suppressed trips
are now made (i.e., latent demand), and some motorists switch modes, routes, and times of
travel to exploit available capacity, what Downs (1962, 1992) calls “triple convergence”. For
example, those who previously pzlttr'onized transit to work fnight decide to drive once they
see traffic flowing more smoothly Some who previously commuted on the shoulders of the
peak might start filling freeway slots that are vacant in the heart of the pedk Over the longer
term, siructural changes can be expected. Notably, people and firms locate to exploit the
accessibility benefits created when freeways are upgraded. The consequences dot America’s
I';mdscape: fast-food restaurants, gas stations, and other auto-oriented uses cluster around

interchanges, warehouses align themselves along frontage roads, and new residential




subdivisions spring up along connecting arterials (Hartgén and Kim, 1998; Hartgen and
Curley, 1999).

Some of the traffic gains spawn by a new or improved road are generative in nature
and some are redistributive. The former represents new travel that did not previously exist in
any form. Included here are formerly suppressed trips, longer tﬂps as motorists opt to travel
farther because of freer HOWing traffic, and modal shifts. Route and schedule changes, onb
the other hand, are redistributive in the sense that they do not increasé total miles traveled
(assuming trips do not become more circuitoﬁs). |

Short of placing an electronic tag on each traveler affected by a new road and
monitu'ring his or her travel, disentangling the many contributors to increased travel —at
least to a high degree of precision — can be a futile exercise (Bonsall, 1996). For this'reason,.
many past studies have examined the magnitude of traffic increases following a road
improvement for // sources combined. Some studies have employed county- ot

| metropolitan-level data to trace the influences of aggregate increases in lane-miles on
aggregate increases in vehicle miles traveled (VMT) (for example: Hansen and Huang, 1997,
Noland and Cowart, 2000; Fulton, ef 4/, 2000). This helps to net out fédistributive trips
since route diversions occur largely within the unit of analysis, although the downside of
such aggregate analyses 1s they are more easily prone to ecological fallacies when drawing
statistical inferences.

Many past empirical studies have applied simplified model structures to gauge
“induced demand™ effects. Often, traffic increases are treated as a direct consequen.ce of
lane-mile additions. It 1s not the lane miles of roads that prornpf people to travel more,
however. Rather it is the benefits that the lane miles confer. Only if travel speeds increase
and travel times fall will motorists gravitate to an improved corridor. Adding a 12-foot lane
matters along a highly congested urban corridor, adding one to a lightly trafficked exurban
stretch really does not. A firmer econometsic framework s needed to help unravel the '

imbedded, often intricate relationship between road investments and traffic conditions.

2. Toward a Normative Theory: A Path Model

Figure 1 presents a path model for tracing the effects of road improvements on
travel demand as well as urban development. The diagram’s solid lines represent near-

INStantaneous IMPacts, OCcurring within a year’s time. The dashed lines represent longer-




term adjustments, signifying the need for a lagged model structure. In the transportation

and land-use arena, delayed responses to “stimuli” like road improvements reflect

‘Near-Term Path Model

Figure 1. Hypothésized Path Model
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institutional lags — such as the need for local planning agencies to rezone land to

accommodate new growth or time spent by real-estate developers securing building permits

and bank loans.

The path diagram also informs the model estimation process. In the case of uni-

directional relationships (in both the near-term and longer-term models), ordinary least

squares (OLS) provides efficient, unbiased estimates (as long as OLS assumptions are met).

Estimation of two-way, co-dependent relationships hinges on the time structure. Where

two variables, like travel speed and demand, nearly instantaneously influence each other,

OLS will produce biased parameter estimates. This is because speed and demand are

endogenously related. Accordingly, instrumental variables are needed to reduce




stmultaneous-equation biases. Where two variables are jointly related, and variable X
mntluences variable Y nearly instantaneously but Ys effect on X is delayed over several years,
OLS will generally provide suitable parﬁmeter estimates. Because the co-dependence is not
contemporaneous, the value of one vﬁrinble, by defmition, will be pre-determined in relation
to that of the other. For example, W_h‘ile a road improvement can be expected to have a
near-immediate effect on travel speed, the effects of eroding speeds over time (once travel
demand has risen) on the decision to further expand a facility unfold over a number of years.
Eéondmétrically, the values of travel speed in time period (t-n) are already known in relation -
to the values of road capacity in the current time period (t). Thus, wherevera solid path-line
operates i1 both directions between two variables, m'uiti-stage_(e.g., two-stage or three-stage)
estimation is called for. Wherever one path-line is solid and the other is dashed in ét\vo—way

relationship, instrumentation is unnecessary.

Effects of Road Improvements on Travel Speeds

This link is missing from most past studies of induced demand. Economic theory
holds that road improvements spur behavioral changes in travel by reducing “generalized
‘costs”, expressed mainly in terms of travel times. Over a fixed distance, there is a one-to-
one correspondence between changes in average travel times and average speeds. In this
study, average recorded operating spéeds over a one-year period for each study corridor is

used to gauge reductions in generalized costs.

Effects of Road Improvements and Travel Speeds on Utban Development

In congested urban settings with reasonably vibrant economies, real estate
developers scramble to acquire and develop properties with good regional roadway access.
Parcels well-served by roads can yield handsome profits (Voith, 1993; Boarnet and
Chalermpong, 2001). Two forces are set into motion that influence the decision to develop -
a parcel, and for modeling purposes help to define a time-lag structure. One is the
announcement and construction of road improvements. Developers are well aware of
roadway projects slated for construction under regional Transportation Improvement .
Programs and position themselves to take advantage of planned public improvements. Due
to institutional delays, however, it can take several years before necéssmy_permits are

secured. A frve-plus year time lag between project announcement and new development is




not uncommon. The time lapse between when capacity is actually added and induced
development occurs is likely shorter, often on the order of two to three years.

Besides the opening of new lanes, actual operating conditions are also thought to _
influence the scale of land-use changes, at least at the margin. Higher speeds provide
confirmation, demonstrating first-hand that there are advantages to owning or leasing
properties along a particular stretch of roads. The combination of past-year road
investments and recent trends in operating Speéds are thought to influence the amount of

development added within a buffer zone of freeway. -

Effects of Travel Speeds and Urban Development on Travel Deﬁmnd

It is this link of the path diagram that encapsulates the idea of induced demand. The
model postulates that the combination of current operating épeeds on 2 roadway and
pre%rioﬁs-yeﬂr changes in urban development influence currerit-period demand levels. Both
factors are thought to increase VMT -- the former in the near term, the latter over the longer

nn.

Eftects of Travel Demand and Speeds on Road Improvements

Figure 1 also accounts for “induced investment” effects. Notably, changes in a
project’s share of countywide VMT over time can be expected to influence future shares of
countywide road impfovemeﬁts targeted at the corridor, as will trends in travel speeds.
Indeed, a criticism leveled at past induced demand studies is they ignored this feedback loop.
Roads not only stimulate but also respond to demand. Using 60 years of data, a study by the
Urban Transportation Center (1999) found that road improvements in metropolitan Chicago
could be better explained by population growth a decade earlier than vice-versa. Over time,
it 15 this combination of “induced demand™ and “induced investment™ effects that yields

some degree of partial equilibrium between road supply and demand.

3. Methodology and Data

For purposes of exﬁpirically testing the hypothesized path model, a system of log-
linear equations was specified and estimated. In this functional form, coefficient estimates
represented ela;sticities, revealing the proportional change in one variable as a function of a

proportional change in another, all else being equal. For the longer-run analysis, the
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estimated equations took the following form (with all except the fixed effect variables

expressed as natural logarithms):

Speed Model: | Bh =S, D, C, T, P)
Development Model L, =fB,. S. C. T, P)
Demand Model: D,=f8, L.. C. T, P)
SuPPIY MOdEI: iL = f<Di,t-n Bi_.z-n Cir T! P)
Where:

B = Benefit vector (e.g., mean operating speed)
S = Supply vector (e.g., lane miles) _
D = Demand vector (e.g., vehicle miles traveled)
. L = Land-Use vector (e.g., building square footdge)
C = Control vector (e.g., median personal income in area)
T = Time-series fixed effect (0-1 “dummy variable’ )
P = Project fixed effect (0-1 “dummy variable’ )
1 = Project cross-sectional observation
t = Time-series observation
n = Length of time lag
With this formulation, beneﬁts and demmd are jointly related, thus endogenous
variables (e., operating speed and VMT) were predicted as functions of pre-determined -
(exogenous and lagged-endogenous) Vamables. Given the lagged, pre-determined nature of
other endogenous variables, other equ'mom were ptedlcted using ordinary ledst squares.
Also Vanous time-lag speuﬁca’aonb were attempted in the Andlyses that follow. Before

tummg to the results, background information on data sources the sampling frame, and

- approaches used to measure and impute certain variables are - reviewed below.

Data Sources

Records on freeway expansidus throughout California were obtained from the
California Department of Highways (CalTrans) for years that matched the time span (1980
to 1994) ofaﬁﬂual records on building activities obtained from the U.S. Census 'Bureau.
Census records-on land-use additions were turned to because, among available secondary
sources, they provided the most disaggregate and consistently reported time-series data.
Project contracts archived by CalTrans supplied needed information on freeway |
imprévements: the project name and location, number of lanes added, and the length of

improved segments.




Sampling Frame

Oaly freeway expansion projects that occurred in small to medium-size
mumcipalities in suburban settungs were chosen for the analysis. This constraint was
necessary because of how land-use changes were measured and how building activities were .
reported. A two-mile “impacr zone™ around the centerline of each improved freeway
project was chosen to gauge development inipacté, forming a four-mile wide buffer.

- However, building data from the census bureau were available only down to the municipal
level. To ensure that the impact zone encompassed signiﬁcant share of 2 municipality’s
land area, only freeway projects that traversed or skirted small-to-medium size cities &ere
considered for the analysis. In all, 24 freeway-expansion projects over the 1980 to 1994

. period (representing 360 data points) were chosen on the grounds that four-mile buffers

encompassed at least 40 percent of the land area of municipalities that were either traversed

or that directly bordered the improved fa‘cility.

Variable Measurement

- The core vasiables from Figure 1 that were measured in aggregate units - notably,
lane-mile of roads, building-permit additions, and VMT — were expressed in proportional
terms for carrying out the path analysis. Specifically, these variables were defined as shares
of countywide totals — e.g., “VMT proportion” represented the share of VMT on all state-
owned freeways and highways in 2 county that occurred on a particular facility fora
particular year. In this sense, core variables were expressed as “market shares™. If the
countywide share of total road-mile additions along a freeway corridor increases, this
research hypothesizes that this will be followed by an increase in the share of countywide
building activities within a four-mile buffer and that this in turn will be followed by increases
in the share of countywide VMT recorded along the facility. Expressing aggregate variables
in proportional terms meant that sub -regional trends and condstions were imbedded in the
~analysis. _
The biggest measurement challenge involved estimating building activity within four-

mile buffer zones. Using 4 Geographic Information Systems (GIS) street layer as a guide,
' paths of the 24 selected freeway projects were digitally traced. Next, four-mile buffers were .
formed around each project ségment and superimposed onto a GIS layer of municipal

- boundaries. From this, the percentage of land area of each affected municipality that lied




within the four-mile buffer was determined. It was assumed that the share of a
municipality’s building activities within a four-mile buffer matched the share of that
municipality’s land area within the same buffer. This implicitly assumed that land-use -
densities were uniform within a municipality. This was felt to be a reasonable assumption
' giveﬁ that densities tend to be fairly similar in most small-to-medium size suburban
municipalities — the places traversed or bordered by the freeway projects that were studied.
To the degree that errors were introduced in imputing building activities within four-mile
buffers, there was no reason to suspect such errors were systenﬁatically biased.

Census records contained f’airiy' detailed information (e.g,, square-footage, number of
units) on building activities, drawn from municipal and county building-permit records,
across major residential and commercival land-use categories. To empirically test the
“induced growth” hypothesis, a composite variable of “building activity” was created for
each treeway corridor, gauging the relative degree of countywide development that occurred
within 4 fouﬁmile-wide impact zone. Creating such a variable was necessary since VMT
changes were thought to be less sensitive to particular land uses than the overall amount of
buﬂdi‘n’g activity that took place within a corridor. Because building-permit data on the
“scale” of activities reported by the Census Bureau differed among land uses, a composite. -
variable was needed. (For example, residential development is report by number of housing
units whereas industrial growth is tracked in terms of building square footage.) The
composite represented a weighted average of countywide proportions of each of the six
land-use categories: Single—family residential; multi— faxﬁily residential; ofﬁcgs; getajl; industrial;
and other (representing mainly public and institutional uses). Weights were based on total
square footage estimates for each land-use category. Local data on average building sizes
were used to estimate total square footage of housing units, offices, and retail

establishments.'

- Induced Travel Versus Induced Demand

As noted previously, not all of the changes in VMT that occur along an improved
roadway are truly “induced demand™ since some of the traffic growth migrates from other
facilities, and will thus be redistributed. The term “induced travel” is often used to fepresent
all changes in trip-making that are unleashed when a road is improved, not orﬂy in terms of

newly added traffic but also in terms of diverted trips from other routes (Hills, 1996; Lee, ez
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al., 1999). This distinction 1s important, and many previous studies have failed to carefully
distinguish “induced demand™ from “‘induced travel”. Because this study examines VMT at
the facility level, and there is no way to know from reported VMT data how much is

diverted, “induced travel” is the focus of the research that follows.

4. Project List, Variables, and Descriptive Statistics

Table 1 lists the 24 freeway projects that formed the panel used to carry out the
analyses, and Map 1 shows their locations within nine of California’s 56 counties. Nineteén
of the freeway segments studied were in four “mature suburban” counties: Contra Costa,
Santa Clara, Orange, and Alameda. As limited-access, high-performance facilities, freeways
provide favorable contexts for gaugihg induced travel and land-use impacts, particularly in
fairly congested, fast-growing settings such as many of the California corridors studied.

Background data on segment length (in centerine miles) and lane expansions are also
shown in Table 1. For each project, lane-miles of capacity were estimated by simpiy
multiplying number of lanes by number of centerline miles. For example, the capacity of
Projecr: 15 increased from 15.6 lane miles (4 * 3.9) to 31.2 lane miles (8 * 3.9) when the 3.9-
mile segme’nf along Interstate-580 in Alameda County was expanded by one lane in each
direction in 1986. In the data base, the number of lane miles for Project 15 was recorded as
15.6 for the period of 1980 to 1985 and 31.2 for the period of 1986 to 1994. Table 1 also .
shows the “variable name” used in tBe predictive models to account for each project’s fixed
effects (based on 0-1 coding). Fixed-effect variables help to capture the unique
characteristics of certain places that are not expressed by other variables in an equation.
Noland and Lem (2000) maintain that the inclusion of fixed-effect variables is absolutely
éssential in induced travel studies since so many exogenous, difficult-to-measure factors (e.g,
entry of women into the workplace) have propelled VMT growth over the past.several
decades [see Heanue (1997) for further discussiéns].

Table 2 presents key variables used in conducting the path analysis, with variables
organized across seven dimensions. Sunﬁnmy statistics for 360 data points (15 years of data
pooled over 24 projects) are also shown. Over the 15-year study period, the 24 freeway
segments constituted, on average, less than 3 percent of countywide VMT and lane-mile

capacity. Office buildings constituted the highest average share (21 percent) of countywide
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Table 1. Freeway Projects: Locations, Centerline Miles, Lane Expansions, and
Variable Name

Centerline Lane Variable
Project: Facility & County Miles Expansion Name
1. Interstate-5, Orange County 4.9 8 to 10 lanes | Projectt
2. Interstate-5, Orange County : 2.6 8 to 16 lanes | Project2
3. Interstate-5, Orange County 2.7 610 10 lanes { Project3
4. Interstate-5, Orange County 2.1 6 to 14 lanes | Projectd
5. Interstate-10, San Bernardino County 1.0 8 to 10 lanes | Project5
6. Interstate-15, Riverside County 3.6 4 to 6 lanes | Project6
7. U.S.-65, Placer County 3.5 2 10 4 lanes | Project7
8. U.8.-101, Ventura County 3.9 4 to 6 lanes | Project8
9. U.S8.-101, Santa Clara County 1.3 6 to 8 lanes | ProjectS
10. U.S.-101, Santa Clara County 1.9 B to 8 lanes | Project10
11. U.8.-101, Santa Clara County 1.2 6 to 8 fanes | Projectit:
12. U.8.-101, Santa Clara County 5.9 6 to 8 lanes | Project12
13. U.S.-101, Santa Clara County 6.4 6 to 8 lanes | Project13
14. U.S.-101, San Mateo County 5.4 6 to 8 lanes | Project14
15. Interstate-580, Alameda County 3.9 : 4 to 8 lanes | Project15
16. Interstate-580, Alameda County | 2.1 4 to 8 lanes | Projecti6
17. Interstate-580, Alameda County 3.4 4 to 6 lanes | Project17
18. Interstate-680, Alameda County 2.8 4 to 8 lanes | Project18
19. Interstate-680, Contra Costa County - 1.3 6 to 8 lanes | Project19
20. Interstate-680, Contra Costa County 1.2 6 to 7 lanes | Project20
21. Interstate-680, Contra Costa County 3.1 4 to 6 lanes | Project21
22. Interstate-680, Contra Costa County 2.7 4 to 6 lanes | Project22
23. Interstate-680, Contra Costa County 1.5 4 to 6 lanes | Project23
24. Interstate-680, Contra Costa County 1.8 4 to 6 lanes | Project24

land-use activities within the freeway buffers. Because study corridors were in suburban
settings, gross densities tended to be fairly low for municipalities served by the freeways
studied. Whites made up a majority of households among the freeway-served municipalities.

Also, an appreciable share of households -- one out of six — was Hispanic.

5. Near-Term Path Model

The near-term model shown in Figure 1 postulates that the influences of freeway ‘
expansions on VMT are channeled through an intermediate step — operating speed. Only if
speeds increase can traffic levels also be expected to rise, reflecting both newly generated
trips (e.g., latent trips unleashed by faster moving traffic) and route diversions. And in due
time, a0 equilibrium is reached as rising traffic volumes erode the travel-time savings, some

trips are again suppressed, and motorists stop switching routes and modes.
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Map 1. Location of 24 Freeway Projects Across Nine California Counties
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Table 2. Key Endogenous and Predmtor Variables: Summary Stﬂ.tlSthS and Data
Sources

Dimension Variable Mean or Proportion __ Std. Deviation
Demand ‘VMT on facility, proportion of ‘ )
: countywide total’ : 0.028 0.019
Supply Lane Miles on facility, proportion of o a o
countywide total* ‘ o ’ 0.021 0.011
Benefit Operating speed on facility, mean mph1 38.1 75
Land Use Total building activity’, buffer -
' proportion of countywide total’ , ' _ 0.093 0.111
Single-family units, buffer : .
proportion of countywide total’ . 0.022 0.057
Multi-family units, buffer . . ' '
proportion of countywide total® A 0.016 0.022
Office valuation, buffer o ' ‘
proportion of countywide total’ 0211 - 0432
Retail-commercial valuation, buffer ' .
proportion of countywide total® ’ 0.073 0.137
Industrial building square footage, buffer o A
proportion of countywide total® 0.080 0.125
Other building square footage, buffer ' ' : '
proportion of countywide total® 0.010 0.045
Density Population, persons per square mile, municipality4 1.308.5 8423
Employment, workers per square mile, municipality’ . 7442 5311
Policy Air Quality, Maximum CO, one hour, )
parts per million, county” . ' : 14.17 , 478
|Population Personal Income, mean ($000), : , ' i
municipality’ ' o 20.605 5.199
Race: White, proportion, municipality6 ' 0.669 0.082
Race: Black, proportion, muncipality® .. 0.067 0.051
Race: Asian, proportion, municipality® ’ 0.093 . 0.045
Ethnicity: Hispanic, proportion, municipa'li‘cy6 0.166 . 0.057

Notes 1 Source: California Department of Transportation, agency data files .

2 Defined as weighted average of countywide proportions for six land-use categories, with weights for each
category measured by the number of units (residential uses) or establishments (non-residential uses)

3 Source: U.S. Census Bureau, Construction-Building Permits, Residential Construction Branch,
Manufacturing Construction Division, Building Permit Branch

4 Source: California Department of Finance, agency data files

5 Source: California Air Resources Board, agency data files

6 Source: U.S. Department of Commerce, Bureau of Economic Analysis
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Opera ting Speed Model

The left-hand side of Table 3 presents a best-firting log-linear model that predicfs
operating speeds for any time period 4s a function of predictor variables for the same time
period. The coefficients for all but the fixed-effect control variables represent point
‘elasticities. Values of the endogenous variable “VMT proportion” were estimated using
instrumental variables (consisting of all exogenous and fixed-effect variables used in the
simultaneous predictions of _“opemﬁng speed™ and “VMT proportion”™). The estimated
model explained over two-thirds of the variation in operating speeds across the 360 pooled
time series and cross-sectional observations. '

The results clearly show that operating speeds increased in step with gains in the
share of countywide lane-miles along the study corridors. On average, e*.very 10 percent
increase in a facility’s share of countywide freeway lane mileage was associated with a 4.2
percent increase in mean operating speed on that facility. As hypothesized, rising travel
eroded some of the speed benefits conferred by a road. Based on elasticity values, however,
it appears that' VMT increases were not totally offsetting - that 1s, the speed-enhancing
benefits of freeway expansions exceeded the speed-eroding impacts of rising VMT.

Consistent with theory, Table 3 also shows that operating speeds'tended to fall in
higher density settings. Moreover, there appeared to be secular declines in average freeway
speeds, reflected by the consistent 1;¢gadve signs of nme-series fixed effect variables (relative

_ to the prior-year suppressed categories of 1980 and 1981).

Induced Travel Model

The near-term model that predicted VMT shires as a function of mean operating
speeds is shown in the left-hand column of Table 4. Two-stage.léas‘t squares (2SLS)
estimation was used to provide instrumental-variable estimates of the endogenous variable,
:“operating speed”, to reduce possible simultaneous-equation biases.

Statistically significant and positive induced travel effects were found, though it is
noted that the estimated elasticity of 0.238 is considerably smaller than elasticities estimated
in previous county-level studies drawn from Cali fornia experiences that used lane-miles as a
directpredictor (e.g., Hansen, et al., 1993; Hansen and Huang, 1996; Cervero and Hansen,

2001). Itisalso smaller than “induced demand™ elasticities estimated using project-level data
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Table 3. Opemtmg Speed Model: Natural Logant_hm of Mean Operating Speed on
Freeway, 24 California Freeway Segments, 1980 to 1994, ZSLS Estimation; See Tables 1
and 2 for Variable Definitions

NEAR-TERM MODEL

LONGER-TERM MODEL

R Square

Coefficient  Std. Error Prob. |[Coefficient Std. Error Prob.
Natural Log of: : ' -
Lane Mile Proportion| 0418 0.033 0.000 0.385 0.085 0.000
VMT Proportion -0.184 - 0.027, 0.000 -0.165 0.078 0.036
Employment Density | -0.173 0.011 0.000 -0.173 0.018 0.000
‘| Time-Series Fixed Effects: . ‘
1982 -0.032 0.024 0.198 0.247 0.221 0.272
1983 -0.045 0.025 0.069 0.201 0.183 - 0.280
1985 -0.091 0.025 0.000 0.181 0.144 0.276
1986 0.047 0.025 0.064 0.212 0.170 0.226
1987. - -0.046 0.025 0.069 0.214 0.168 0.220
1988 -0.037 0.025 0.142 0.224 0.170 0.217
1989 -0.058 0.026 0.024 0.206 0.181 0.267
1990 -0.056 0.025 0.028 0.204 0.180 0.269
1991 -0.046 0.025 0.070 0.210 0.177 0.248
4992 -0.037 0.026 0.147 0.226 0.178 0.212
1 1993 -0.052 0.026 0.050 0.219 0.183 0.239
1994 -0.038 0.027 0.142 0.245 0.185 0.185
Project Fixed Effects: ‘ . v ) :
Project1 0.188 0.035 0.000 0.199 0.051 0.000
Project2 0.315 0.036 0.000 0.304 0.052 0.000
Project3 0.453 0.039 0.000 0.430 0.057 0.000
Project4 0.494 0.040 0.000 0.452 0.063 0.000
Projects 0.473 0.067 0.000 0.340 0.140 0.016
Project? -0.219 0.039 0.000 -0.181 0.059 - 0.001
Project9 0.377 0.040 0.000 0.356 0.067 0.000
Project10 0.380 0.041 0.000 0.324 0.070 0.000
Project11 0.300 0.035 0.000 0.304 0.036 0.000
Project15 0.099 0.034 0.004 0.112 0.050 0.026
Project16 0.176 - 0.038 0.000 0.167 0.054 0.002
Project17 0.102 0.034 0.003 0.108 0.050 0.028
Project18 -0.071 0.031 0.021 -0.074 0.033 0.023
Project18 0.122 0.031 0.000 0.109 0.045 0.016
Project20 0.191 © 0.032 0.000 0.161 0.050 0.001
Project21 0.117 0.029 0.000 -0.119 0.042 0.005
- Project22 -0.126 0.030 0.000 -0.125 0.043 .0.004
Constant 5.630 0.107 0.000 5.223 0.374 0.000
Summary Statistics- '
No. of Cases 360 360
F Statistic (prob.) 21.22 (.000) 9.47 (.000)
8675 .632
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Table 4. Induced Travel Model: Natural Logarithm of Vehicle Miles Traveled on Freeway
as a Proportion of Countywide VMT on State Freeway and Highway Facilities, 24 California
Freeway Segments, 1980 to 1994; 25LS Estimation; See Tables 1 and 2 for Varable Definitions

NEAR-TERM MODEL LONGER-TERM MODEL
Coefficient Std. Error Prob.| Coefficient Std. Error Prob.
Natural Log of: ) ! .
Operating Speed 0.238 0.083 0.004 0.637 0.374 0.089
Building Activity (T-2) - - - 0.107 0.055 0.059 .
Building Activity (T-3){ - - .= 0.065 . 0.034 0.064
Employment Density | 0.394 0.149 ° 0.009 - : - -
Population Density 0.834 0.218 0.000 1.071 0.211 0.000
Black Proportion -1.244 - 0.060 0.000 0.631 0.114 0.000
Hispanic Proportion - - - -0.791 0.224 0.001
Time-Series Fixed Effects: . :
1982 , ' 0.162 0.028 0.000 -0.038 0.012 0.000
1983 0.128 0.027 0.000 -0.040 0.015 0.000
1984 | 0.108 0.029 0.000 -0.095 0.038 0.018
1985 0.082 0.026 .0.000 -0.075 0.048 0.121
1986 . 0.046 0.026 0.074 -0.083 0.032 0.049
1987 ' -0.034 0.026 .0.193 -0.117 0.033 0.000
1988 -0.035 0.026 0.175 -0.067 0.030 0.028
1989 1 -0.036 0.026 0.169 -0.054 0.031 .0.079
1990 0.016 - 0.008 0.058 0.017 0.009 . .0.060
1 1991 0.054 0.026 ~0.038 0.079 0.035 0.025
Project Fixed Effects: ) ’ ' )
Project1 -2.808 0.143 0.000 -0.831 0.283 0.004
Project2 -3.220 0.144 0.000 -1.288 0.285 0.000
Project3 -3.571 0.144 0.000 -1.895 -0.314  0.000
Project4 -3.577 0.143 0.000 -1.681 0.300 0.000
Project5 2.089 0.238 0.000 2.307 0.671 0.001
Project6 2.347 0.167 0.000 2.846 0418 - 0.000
Project7 ' -1.020 0.180 0.000 -1.051 0179 0.000
Project8 0.705 0.083 0.000 2.048 0.227 0.000
'Project9 -1.708 0.042 0.000 -0.423 0.047 0.000
Project10 -1.733 0.042 0.000 -0.459 0.047 0.000
Project11 -1.303 0.043 0.000 -1.205 0.039 0.000
Project12 0.068 0.042 0.108 1.208 0.047 0.000
Project14 - 0.482 0.042 0.000 1230  0.072 0.000
Project15 0.485 0.067 0.000 0.398 0.082 . 0.000
Project16 -0.120 0.066  0.069 -0.179 0.083 0.005
Project17 0.377. 0.066 0.000} = 0.298 0.071 0.000
Project18 0.937 0.039 0.021 0.968 0.054. 0.000
Project19 0.304 0.038 0.000 0.183 0.059 0.002
Project20 0.386- 0.038 0.000 0.398 0.051 0.000
Project21 ©1.178 0.037 0.000 1.272 -0.043 - 0.000
Project22 0.678 0.037 0.000 0.716 0.042 0.004
- |constant - -16.257 0.837 0.000 -17.143 - 3.244 0.000
Summary Statistics ‘
No. of Cases N 360 ' 360
F Statistic (prob.) 339.99 (.000) 257.00 (.000)
R Square .971 .873
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| (Pells, 1989; Hansen, e a/.,, 1993). The lower estimate supports the argumenfs of Cohen
(1995), DeCorla-Souza (2000), Pickrell (2001), and others that lane-mile elasticities tend fo
overstate induced demand effects. '

Signs for the other major predictor variables used in the model generally match ¢
priori expectations. The proportion of countywide VMT along a freeway tended to increase
where the population and erﬁployment densities of municipalities traversed or flanked by the
freeway were comparatively high. The racial composition of a-corridor (likely reflecting
income and possibly cultural factors) also tended to have some bearing on traffic frolunles,

all else being equal.

Short-Run Model Summa;y

Overall, the short-term path model postulated in Figure 1 was confirmed by the
- empirical results. Notably, added capacity increases speeds, which in turn raises the
countywide share of traffic, which then erodes some of the speed benefits, thereby
moderating the growth in traffic until more or less an equilibrium condition is reached. -
Based on California experiences ﬁlong 24 freeway corridors over the 1980 to 1994 period; 2
near-term “induced travel” elasticity 0f 0.24 was estimated. In that some of this travel .
increase represents route diversions, the “induced demand” elasticity of newly produced
VMT.is likely even smaller. These results, which are more in line with those of several
recént disaggregate, person-level studies of induced demand (Strathman, ez 4/, 2000; Barr,
2000), suggest that past estimates of induced demand derived from lane-mile elasticities have

overstated near-term impacts.

6. Longer-Term Path Model

The results of subjecting the longer-term path model to empirical scrutiny are
summarized in Tables 3 through 7. Current VMT is treated as a product of both immediate-
and delayed-response influences, the former consisting mainly of behavior shifts (i.e., latent
trips, route diversion) and the latter comprising structural adjustments (i.e., land-use

changes).
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- Operating Spced Model

From the nght-hand side columns of Table 3, model outputs for é‘x‘edicting mean
operating speeds paralleled those of the near-term model. Differences in coefficient
estimates reflect the influences of a different (and larger) set of instrumental variables in the
longer-term model. In the Ionwe1—te1m speuﬂcamon the elasticity of opemtmv speed as a

function of relatxve road capacity and traffic levels was slightly srnallel

"Induced Growth Model

The hypothesis of “induced growth” - i.e., road ifﬁprovernents and the resultingv
swifter travel speeds spur real-estate construction along a corridor -- was sub stantially
confirmed. The model presented in Table 5 represents the lagged structure that yielded the
best-fitting statistical results. The model, which explained around two-thirds of vastation in
total building activity as a share of countywide totals, reveals the presence of institutional
delays, as postulated. Notably, the share of countywide building square footage and
valuations along a corridor increased with the share of countywide freeway lane-mileage
added three years c:uher Bu11d1ng activities were also highly respe onsive to average operating
speeds two years before. Evidently, lane- rmle additions in p1ev1ous years, confirmed by
increased operating speeds, spuired developers to build more housing, offices, shops, and
other establishments within several miles of improved freeways. Based on elasticity
estimates, the influences of operating speeds on the decision to build were more than twice
as great as the influences of lane-mile additions. Far more ih1portant than either factor was
the control variable “personal income”. All things being equal, growth among the California
municipalities studied tended to gravitate to areas with relatively high incomes.

‘As noted, a composite variable was created to represent “building activities” within
the two-mile buffers. While this variable proved to be statistically robUSt; it masked the
relative influences of .Capacity expansiéns and speed improvements on development
activities for specific land uses. To shed light on which uses were most sensitive to road‘
improvements, individual OLS regression models were also estimated that predicted the
shares of countywide units, valuations, or building quafe'footage within freeway impact
zones for specific land uses. The same variables considered in estimating the best-fitting

“building activity” model were candidates for entry into each of the specific land-use models.
fol 2 J )
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Table 5. Induced Growth Modek Natural Logarithm of Building Activity in Two-
Mile Buffer as a Proportion of Countywide Building Activity, 24 California Freeway
Segments, 1980 to 1994; OLS Estimzation; See Tables 1 and 2 for Varable Definitions

Coefficient Std. Error Prob.
Natural Log of:
Lane Miles Proportion (T-3) 0.443 0.137 0.001
Operating Speed (T-2) . 1.052 0.267 0.000
Personal Income’ 1.655 0.259 0.000
Time-Series Fixed Effects: :
1985 _ 0430 0.280 © 0125
1986 -1.113 0.297 0.000
1987 ' -1.485 0.322 0.000
1988 2295 0380  0.000
1989 -2.848 0.416 0.000
1990 -3.375 0460 0.000
1991 ’ 4176 0.470 0.000
1992 : -4.518 0.499 : 0.000
1993 5.771 0.513 - 0.000
1994 : -4.889 0.551 0.000
Project Fixed Effects: .
Project1 -0.864 0.321 0.008
‘Project2 v -0.518 0.313 0.098
Project4 0.557 . 0335 0.096
Project5 3.891 0.558 0.000
Project? 2.957 0.339 0.000
Project8 1.403 -0.348 0.000
Project15 _ -2.278 0.340 . 0.000
Project16 -0.853 0.351 0.016
| Project17 . -0.806 0.344 - 0.020
Project18 -0.884 0.328 0.008
Project19 1.765 0.317 0.000
|Constant -77.261 11.313 0.000
Summary Statistics _ ’
Nc. of Cases : , o 360
F Statistic (prob.) 21.90 (.000)
R Square ' .666
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Table 6 presents elasticities for designared time-lag periods for the path model’s two
key predictor variables — lane miles and operating speed. Overall, developrnént seemed to
be fairly sensitive to freeway improvements across all six land-use categories. Home-
building was most responsive. Lane-mile additions two to four years previously, and in the

‘case of apartments and multi-family units, operating speeds two years earlier, significantly
‘explained residential construction, with elasticity estimates well above one. Barring
restrictive zoning or Not—.ih-my—Backyzu'd (NIMBY)resistance, housing develop eré clearly
reacted to capacity expansions along most of the freeway cortidors studied. The opening of
new lanes and the ensuing higher travel speeds appear to have prompted housing developers
to draft plans and seek building permits, with actual housing additions occurring several
years later. '

Non-residential activities were most responsive to changes in operating speeds two
to four years previously, with lane-mile additions three to four years earlier exerting more

“modest effects on office, industrial, and public-use construction. Consistent with theories of |
“highest and best use”, offices and public bﬁildings appeared to value accessibility benefits
conferred by freeway expansions more than industrial uses. These results squﬁre with the

: ﬁndirxg of Hansen, ef a/. (1993) that from 1966 to 1989, commercial-office construction in

California urban areas was more sensitive to freeway expansions than were other types of

land uses. Table 5 also shows that prior-year operating speeds, but not lane-mile additions,
spurred retail development. The lower elasticity could reflect the relatively higher
premium many retailers place on visibility and exposure to pass-by traffic, regardless of the
operating épeeds, rather than on roadway capacity per se I(see, for example, Bonsignore and

Roach, 1992).

Induced Travel Model

Table 4 also provides elasticity estimates of “induced travel” overa longer-term time
horizon, which consistent with theory and past research are higher than short-run effects.
Still, the longer-run elasticity estimate of 0.637 is smaller in absolute terms than elasticities
estimated in previous studies that used lane miles as direct predictors (Hansen, e aZ, 1993,

Hansen and Huang, 1997; Noland and Cowart, 2000; Cervero and Hansen, 2001).
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Table 6. Summary Elasticities of Building Activities as Functions of Predictor
Variables on Lane Miles and Operating Speeds, and Model Goodness-of-Fit Statistic.
All vanables expressed in natural log form, thus coefficients denote elasticities. See Tables 1 and 2
for definitions of vanmables. :

. Key Predictor Variables (in natural log form)
Building Lane Miles Operating Speed
Activity -
Dependent | '\ 1550 | fricient |  Laggen. | C fhicient | sqi
Variable: agge oefficien agged oefficien Square
Residential:
Smgle—Famll 2 1.31 10 - - 0.804
Multi-Family 4 1.252** 2 : 1.260* 0.747
Non- '
Residential:
Office’ 3 0.655* 3 0.916* 0.638
" Retail® - - 4 0.544* 0.566
Industrial® 3 0.405* 2 0.762* 0.708
Other® 4 0.576* 2 0.900* 0.533
Key:

***. = Significant at the 0.01 probability level

> Sighificant at the 0.05 probability level

Significant at the 0.01 probability level

Other predictor variables in the model: Time Serles 1984-1887, Project7 through Project!5; Project
18.

*

1

2 = Other predictor variables in the model Time Series: 1996-1997; Project1 through PrOJect4 Project 6
through Project9; Project12; Projectt3; Project18 through Project21.
3 = Other predictor variables in the model: Natural logs of Personal Income, Population Density, and
" Asian Proportion; Time Series: 1983 through 1993; Pro;ecﬂ through Pro;ect4 Project7 through
Projectto.
4 = Other predictor variables in the model: Natural logs of Personal Income, Populatlon Density, White
Proportion, and Asian Proportion; Times Series: 1985 through 1994; Projectt; Project2; Projects
: through Project11; Project14; Project16 through Project19; Project21.
5 = Other predictor variables in the model: Natural log of Employment Density; Time Series: 1983 through
1994, Project4 through Project11; Project14; Project15; Project18 through Project21.
6 = Other predlctor variables in the model: Natural logs of Personal Income, Population Density, and

Black Proportion; Time Senes 1984 through 1894, Project2; Project5 through Project15; Pro;ect18
Projectt19.
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The longer-term model also reveals thata smaller but nonetheless appreciable
increase in VMT is attributable to heightened development activity along impacted corridors.
Notably, traffic generated by new residential and commercial-industrial-institutional
development accounted for some of the VMT gains, with the additive elasticity for building
activities two and three years previously estimated to be 0.172. The output suggests that the
influences of behavioral shifts (e.g., latent trips, modal changes, route diversions) are nearly
four times as strong as those of structural changes (e.g., land-use shifts).

While longer-run induced travel effects were corroborated by the model, it 1s worth
noting that other “control™ factors, such as population density and racial-economic
attributes (presumably as proxies for income and cultural factors), tended to exert even
stronger influences on VMT shares. All else being equal, dense corridors made up
predominantly of non-black and non-Hispanic households tended to account for relatively

~ high shares of countywide VMT.

Induced Investm ent Model

To bring the anztlysi.s" of freeway demand-supply relationships full circle, 2 model was
estimated on how road investments respond to traffic increases. Table 7 reveals 2
significant induced-investment effect. Every 10 percent increase in the share of countywide
VMT on 2 corridor two years previously 1s associated with a 4.9 percent increase in the
current share of countywide lane-mile capacity, ceteris pérz'bzu: While the induced-investment
effect appears smaller than the induced-travel effect, the estimated elasticity 1s considerably
larger than that estimated by Cervero and Hansen (2001) using countywide data from
California over a similar time span. This finding further suggests an over-statement of
induced demand effects from past studies. That is, a significant share of the statistical’
correlation between travel demand and road supply has long been assigned to induced
demand effects; however, when a path-model framework is adopted that accounts for
intermediate steps and induced investment effects, longer-run elasticities of VMT growth

tend to be smaller, matched by h1gDhu ‘induced investment” elasticities.

Besides VMT levels, previous-year operating speeds were also statistically associated
with freeway expansion. The fact that variables measuring both VMT and operating speeds

appeared as direct and statistically significant predictors of freeway expansion could reflect
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Table 7. Induced Investment Model Natural Logarithm of Lane Miles of Freeway
Capacity as a Proportion of Countywide Lane Miles of Capacity for State Freeways,

24 California Freeway Segments, 1980 to 1994; OLS Estl.manon, See Tables 1 and 2 for

Varnable Definitions

Coefficient Std. Error Prob.
" INatural Log of:

VMT Proportion (T-2) 0.490 0.049 0.000
Operating Speed (T-2) -0.425 0.084 0.000
Maximum CO Level -0.316 0.042 0.000

Time-Series Fixed Effects: S '
1982 _ -0.055 - 0.040 0.164
1983 o 0.113 0.038 0.003
1984 20.143. 0.037 . 0.000
1985 . -0.131 0.037 0.000
1986 . ' -0.568 0.042 0.179
1987 j -0.063 0.402 0.140
1988 -0.104 0.040 0.010
1989 -0.071 0.041 0.085
1990 _ -0.059 0.041 10.147
1991 - -0.058 0.037 0.133
1992 -0.032 0.022 0.128

Project Fixed Effects: ' '
Project1 . ' 0.440 0.064 0.000
Project2 0.204 0.055 © 0.000
Project5 : -1.643 . 0.082 0.000

" Project6 ‘ . 0289 0.070 - 0.000
Project? 0.138 0.081 0.091
Project8 : . -0.152 0.074 0.042
Project9 0427 0.053 0.000 -
Project10 _ : -0.472 0.053 0.000
Project11 _ -0.243 0.050 0.000
Project12 0.417 0.080 0.000
Project13 0.434 - 0.085 0.000.
Project14 0.240 0.088 0.007
Project15 : 0.257 . 0.052 . 0.000
Project17 : , 0.190 0.051 0.000
Project18 0.432 0.065 0.000
Project20. A 7| -0229 0.053 0.000
Project21 - 0.286 0.070 0.000

Constant ) -2.917 0.353 0.000

Summary Stétisti;s

No. of Cases 360"

F Statistic (prob.) . 217.20 (.000y

R Square 949
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the influences of multiple criteria in investment decisions — that is, a combination of both
traffic growth and performance levels could have played into political decisions to expand
freeway capacity. Table 7 also shows that concerns over air-quality may have deterred
freeway expansion, possibly out of fear that freeway-induced growth would ultimately
exacerbate air quality. This stands in contrast to research by Cervero and Hansen (2001) that
found deterioration in air-quality tended to spur road investments in California under the
premise that congestion relief ultimately produces cleaner air. The fact that these two
studies were carried out using different grains of analysis — county-level data in the case of
the Cervero and Hansen study versus project-level data for this current study — could partly

explain the differences.

Longer-Term Model Summary v

Overall, the longer-term model performed fairly well in accounting for VMT growth
along sampled California freeway segments. Evidence of “induced travel”, “induced
growth”, and “induced investment” was uncovered. Elasticity estimates of induced travel
were lower than what was found in most previous studies, including those focused on
California freeways.

The long-run model suggests that it takes around 5 to 6 years before the full-brunt of
traffic increases spurred by land-use shifts to be felt. Based on model outputs, it generally
takes 2 to 3 years for development activity to respond to the addition of lane miles, and
another 3 years for VMT to résp ond to development activity. The model also suggests that
VMT growth feeds back to influence freeway investments several years later. The entire
lagged structure, then, covers a 7 to 8 year period.

Based on beta weights, about 55 percent of the association between freeway
expansion and VMT growth was accounted for by the path model® Thus while the
postulated path model was supported by empirical analysis, more research is needed in
different settings and at different resolutions of analysis to further refine our understanding
of the cu—depeﬁdencies between road investments, land-use shifts, and induced travel —

hopefully research that is firmly rooted in behavioral and economic theories, and that adopts

a casual modeling framework.
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7. Conclusion

In recent years, concerns over induced demand have seemingly paralyzed the ability
. to rationalize road development in the United States. “Build it and they will come” has
become a rallying cry of environmentalists, New Urbanists, and many others opposed to
“sprawl-inducing” freeways. |
Fairly firm positions have been taken on the induced demand debate despite the
methodological shortcomings of past research. Simple mode structures have often been
used to reach the conclusion that road investments provide only ephemeral congestion relief,
with most added road capacity absorbed by increases in traffic. The path model presented in
this paper attempts to sort through the ways in which road improvements affect travel
demand, and vice-versa. As with past research, evidence of induced demand, induced
growth, and induced investment was umovered Roads and the prominent fixtures of
America’s landscape that they serve — e.g., big-box retail, edge cities, and corporate campuses
—are clearly co-dependent. While the magmtude of induced growth effects found in this
-study is generally consistent with that of previous research, fhe magnitude of induced
demand effects 1s generally less. To the degree the path model better captures causal
relationships than previous studies, many past elasticity estimates aze likely inflated. The
contention that capacity additions are quickly absorbed by increases in traffic and that “you
can’t build yourself out of traffic congestion™ might not hold in all settings. Houston is a
case in point. Over the past 15 years when the cify invested around a billion dollars annuzﬂly v
in ﬁeeway improvements (see Dunphy, 1997), Houston has made greater hcadway in
Lelxevmg traffic u)ngemon than most of its U.S. counterparts (Shrank and Lomax, 2000).
The problems people associate with roads — congestion, air pollution, and the like —
are not the fault of road investments per se. These problems stem mainly from the unborne
externalities from the ase of roads, new and old alike. They also stem from the absence of
thoughtful and integrated land-use planning and growth manztgenwrk around new
interchanges and along new corridors. While the induced demand phenomenon is important
and not to be trivialized, far more energies need to go toward figuring out how to best invest
and manage scarce transportation and land resources — e.g,, should we be building more bus
rapid transit systems, applying “value-pricing™ on current carpool lanes, and more Llosely
integrating transportation and land use, and if so, when, where, and under what conditions?

Whether new roads are on balance beneficial to society cannot be informed by studies of
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induced demand, but rather only through a full accounting and weighing of social costs and
benefits. |

| Critics of any and all highway investments, even those backed by credible benefit-
cost analyses, should more carefully choose their battles. Energies might be better directed
at curbing mis-pricing in the highway sector and managing land-use changes sp'aivn’ by road

investments.
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Notes

Squdre foomve statistics were already known from the census source for ndustaal dnd ‘other” land

uaes
" This was based on the dpphcatlon of “W. nghta Rules” for decomposmg correlation coefficients, as

reviewed in Asher (1983). For the long-term model, the Pearson Product-Moment correlation
between the natural logarithms of the “lane nmle” vflriable and the “VMT” variable lagged by 5 years
* (to reflect the 2-year lag in lane-miles influencing building activities and the 3-year lag in building
activities influencing VMT) was 0.898. If the model were completely specified, thxs correlation could
be re-expressed as the sum of the products of beta weights (1.c., standardized regression coefficients)
actoss all bona fide indirect paths. For the four indirect paths, the products of bera-weights are:
Lane-miles — Speed — VMT [(1.294%0.265) = 0.342]; Lane-miles — Development Activity —

- VMT {(0.239%0.284) = 0.068]; Lane-miles — Speed — Development Activity ~> VMT [(1.294*
0.218*%0.284) = 0.080]; Lane-Mile — Speed — VMT > Speed — Development Activity — VMT
[(1.294* 0.265* 0.337*0.218%0.284) = 0.007]. Thus, the total product of beta weights among indirect

path equals 0.497, or 55 percent, of the total correlation of 0.898.
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NAR: Baby Boomer Investors Fueling Second Home Market Sales

Ine U.S. second home market is gearing up for what is virtually certain to be a series of record years for sales volume.

But new research suggests that the buyers currently jumping into that market are strikingly different from buyers _
5> ely three years ago. :

i

I'he new wave of second home purchasers—-the leading edge of the baby boom demographic shock wave--are far more
1 estment-oriented than their predecessors, according to a new national study conducted by the National Association
>t Realtors in conjunction with Escapehomes.com. Many more of them are buying to make money, not to spend
veekends at the beach sipping margaritas.

X hereas just 20 percent of second home buyers in 1999-2000 had invesment returns as their primary motivation,
1early double (37 percent) of second home buyers last year ranked rental income as their primary objective.The study

I ined “investment” properties as those rented out for an aggregate six or more months per year, and rarely if ever
ised personally by their owners. _ o

" ditional “non-investment” second homes, by contrast, are primarily purchased for personal use and only
poradically rented out. IR

A 1y the dramatic switch?

\ccording to NAR economist Thomas Beers, the “slumping stock market” and the continuing high appreciation and
¢ ital gains from residential real estate have grabbed the attention of the baby boomers. While the Dow Jones index
s Off by 25 percent over the past three years and the Nasdaq down by 65 percent, Beers notes, residential proprty has
een gaining value impressively. Nationwide, home values are up by an average 38 percent over the past 60 months

I 1e, according to the Office of Federal Housing Enterprise Oversight. But for many resort areas on the East and
Vest coasts and in resort communities elsewhere, average gains have been even hi gher. Some well-located properties
long the mid-Atlantic coast have doubled in resale value since 1997. o

V 0 are the new, investment-minded baby boomers snapping up resort condos and homes? The NAR study of a
ational statistical sample found that the typical purchaser is 56 years of age, married with no children living at home
r erage 18, and is relatively affluent, with a household income of $92,000.

qually important: the baby boom shock wave is just getting _sfarted on second homes. Each year for the coming

¢ ade, according to NAR estimates, enough consumers will hit their mid-50s--the prime buying years for second
G.a€s--to expand construction in this sector by 150,000 units a year.

. ey sub-trend documented by the study: Nearly 30 percent of all buyers expect to convert their second homes into
tu.T primary homes sometime in the future. That move would provide a neat way to get maximum use of the federal
250,000/8500,000 tax-free capital gains exclusion. :

c. example, a married couple in their mid-50s right now could buy a second home in a resort comunity, rent it out for
ie next five to seven years, then sell their principal home tax-free, and convert the rental home to theit new principal

> dence. That would start the tax clock ticking again on their resort residence, and allow them to pocket all gains on
i house tax-free (up to the $500,000 limit) after just 24 months of ownership and use.
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The Land Use/Transportation Connection (cont'd)

ACKIN THE 1950s and 19603, a basic aim for the newly
proposed BART systew was to curb urban sprawl. The

trick was to reinforce major wetropolitan centers and
create new suburban subcenters. Because land adjacent to
BART's station sites would be highly accessible, its planners
expected they'd be powerful magnets attracting offices, shops,
aad high-density housing. Thase concentrations would malee
for culturally enriched residential life and a more viable local
econormy. In turn, they'd attract riders to BART and thus help
reduce traific congestion.

Qur wid-70s assessments of promised land use effects
were pessitmistic, but probably premature, because land use
chauges are slow 10 show up. Now, some two decades {ater, it
is possible io assess BART's influence on Bay Area develap-
ment with greater precision and confidence.

John Landis and Robert Cervero have conducted a new
series of langd use studies around BART lines and stationé, and
they summarize their indings here. Their conclusions confirrn
those of the earlier assessment: Downtown San Francisce's

office empioymeht has indeed expanded dramatically near
BART stations, but there tas been only modest development.
arcund other siations—whether urban, suburban, or exurban.
They find BART has had little influence on the location of either
papulation or eruployment. Indeed, growth rates were lowestin
those suburban corridors served by BART, and suburban office
construction favored places that laclk BART service.

Patronage has also fallen short of expectations. Initial fore-
casts expected 288,500 daily riders iz 1975. Now, 24 years later
and after a 30 percent increase in population, there may not yvet
be even that many riders on the original lines.

Metropolitan areas arcund the country have been building
or extending rail systems and, with some notable exceptions,
experiencing similarly diszppointing patronage and urbaniza-
tion effects. One exception is Washington's Metro, whose
Orange Line route into Virginia'is now a rapidly urbanizing
corridor with a series of new, high-density subcenters
surroundicg stations. Although BART is.several years older,
nothirig resembling such densc concentrations has emerged
near its suburban stations (see phintos ou page 12). .

Four explauations may account for the differences.

1} At the outset, more auto ownership and an extensive
network of highways and freeways endowed the Bay Area with

a higher level of region-wide zccessibility. The additional
accessibility at BART stations was but a small increment and
hence largely incousequential.

{2) In-the absence of numerous transit riders living or
working at stations, these sites are less attractive to real-estate

investors than are dispersed and spacious sites readily scces-

sible by automobiie.

{3) Unlike Meiro’s complex network of intracity lines,
BART is essentially a suburban commuter railroad with two
main lines reaching to outlying stations. Those stations are
largely surrounded by paved lots offering free parkiug and
occupying rauch of the adjacent land. _

(4) As Jorathan Levine explziins in his accempanying
article, so long as land use regulations continue to limit
locational choice for families and businesses, the land market
can't respond fo induce desired urban and travel patterns.

Suburban ceuters along Washington Metro's lines are
direct products of active engagement by local governments
collaborating with private land developers. Together, they
changed land use regulations, exploited urban-redevelopment
optinns, created joint-development enterprises, and forged tax
and othier financial incentives that encouraged high-density
housing and high-rise office buildings. Metro thus became an
effective instrument for city-building.

In contrast, it seems that BART saw itself primarily as a
railroad rather than &s an agent of urban development. So it
didn't actively work with local governments to change the
zoning, or with real-esiate developers and financial institutions
io build at stations. The absence of intensive suburban centers
then translated into too few riders. In turn, BART's low patron-
age was little inducement to concentrated suburban develop-
ment. In further turn, continued low density meant continued
low patronage. . i

QOur experience here suggests it's ot enocugh just to install
rail ransit. It should now be apparent that wa can't rely on
trains alone to restructure the land market so that i sponta-
neocusly induces desired urban forms or attracts sufficient
riders. Once again, events have exposed the intrinsic interde-
pendencies between land use and trausportation, showing that
we can't ireat the oue without the other.

Melvin 51, Webher




MIDDLE AGE SPRAWL:

BY IJOHN LANDIS AND RCBERY CERVERO

“to be built in modern times, and its arrival was
greeted with worldwide attention. BART is famous.
Its fame is attached to its favorable i’mage as the
answer to the pmblems‘ of the modern American metropolis.
And the extent to which it has succeeded, or failed, to live up to

expectatiens is an important lesson for other cities wanting to

erulate it. v

BART is now widdle-aged and certainly widely rccognizéd
as a part of the San Trancisco Bay Area, but is itan inportant part?
Do penple in the Bay Area live and work in different locations and
in different ways than they would i BART were not there? Can we

point to housing projects, office buildings, shopping centers, or

public huildings that would not have been built, or neighbor-
hoods that woul‘d not have been revitalized but for BART's
presence? Does BART provide more people with more accessi-
bility to economic and social oppertunities than they would
otherwise enjoy? Would the Bay Area without BAKT be the same
place it is today? .

The answers to these questions may be more important
today than in 1862, when BARTs construction was approved by

ART was the first American rail rapid transit systerm -

voters in Alameda, Conira Costa, and San Francisco counties.

" If, as many city planners and transit advocates believe, transit

investments like BART can substantially alter metropolitan devel-
oproent patterns, then trausit's role as “growth shaper” should be
explicitly considered when making transit investment decisions.
If, on the other hand, transit's effects on growth and urban form
are only marginal, then decisions regarding frausit mvestments
should be primarily made either to relieve congesiion or to
enhance accessibility,

We wish bere 1o summarize the results of a series of
inquiries iuto BART's effects ot Bay Areagrowth and urban form,
undertaken as part of the BART@20 project. (Similar studics
were undertaken in the mid-1970s as part of the initial BART
Impact Study) We raview BART planners’ initial expectations
regarding the syster’s effects on the Bay Area and ask how
transit investments influence urban development. We explore
BART's effects on regional population and emplovment patterns,
residential and office-construction activity near BART stations,
the quality of BART's influence on land use chan gé: and redevel-
opment, and BART's effects on home prices, office reuts, patron-

age, aud retail sales volume.
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INITIAL EXPECTATIONS AND PROCESSES OF CHANGE
Initial Expectations ' :

The politicians, planuers, and business and civic leaders who
advocated building BART in the 19505 and 1960s did so expect-
ing that BART wquld affect Bay Area development patterns in
three related ways. First and foremest, BART would relieve
mouiting congestion problems o the Bay Bridge and major free-

" ways, thereby insuring San Fraucisco's continuing dominaree as
the economic and political center of northern California.

Secoud, they hoped BART would serve as a struchire for the
inevitable outward suburbanization of the Bay Area. Rather than
decentralizing willy-nilly, as Los Angeles was doing, the Bay Area
wotld evolve into an efficient hierarchy of interdependent urban
centers and subcenters, each specializing in some activity essen-
tial to the economic life of the region. Downtown San Francisco
would stand at the apex of this hierarchy. Onelevel down, Oakland
and San Jose would serve as regional centers. One level further

“down were various subregional centers: Berkeley, San Mateo,
Falo Alto, San Rafael, and Walnut Creek. BART would supportthis
structure by linking these centers to each other and to suburban
residential areas, creating points of high accessibility that would
atiract offices, high-dessity housing, acd commerce. Lu doing so,
BART would discourage leapfrog development and arban sprawi,
which were regarded as economically and socially wasteful.

Third, BART would serve as a catalyst promoting redevelop-

ment and reinvestment in older areas of Oakland, Rerkeley, and
Richmoud, while promating higher«densit)fresidemial and
mixed-use development fn growing suburban jurisdictions.
BART's success in meeting this last objective would depend on
supportive land use and redevelopment policies at the local,
neighborhoﬁd, and station-area levels. In the absence of such
policies, BARTs effects on the prospective built form of the Bay
Area would be minimal.

Pracesses of Chonge )
The processes through which transportation investments
like BART affect urban development patterns are reasonably well -
understood. The principal effect of metropolitan transporiation
investments is to make previously distant sites more accessible,
thereby adding to the supply of developable land within the met-
ropolitan ares. Able to purchase land more cheaply and still main-
tain their prior level of accessibility, houséholds,, stores, and
businesses respond by moving outward. The resulting competi-
tion for suburban land causes site prices to rise above previous
agricultural levels but below central cily levels. If and wher new
aggiomeration economies arise, usually among complementary
iand uses, land prices may increase further. Alternatively, rail
transportation investments may serve to relicve congestion, =
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thereby maintaining regional accessibi]fw levels amidst contin-
ued growth. ' : '

Because accessibility is tepically ligh near the sites of trans-
portation facilities, rates of decentralization, land use change, and
land price hikes should all be highest at the locations closest to
the facility itself. For f,reéways. ithese highwvalie Jocations are at
onrramps, off-ranips, and' interchanges; for rafl transit systems,
such as BART, they are at or near stations.

This simple theory lends itself to several testahle proposi-
tions regarding BART s influence on Bay Arez activity and devels

.opment patterns. All else being equal:

o Activities requiring high levels of regional accessibility
should concentrate around BART stations.

« To the extent that sites around BART stations are in
limited supply, land prices, housing prices, and office
rents near BART stations should be bid upward.

= Cownpetition for sites around BART stations should

cause development densities to increase.

FIGURE 1

Percent population growth in BART-served and non-BART-served
superdistricis in Alomeda, Comtra Casto, and Son Frondsce countles:
" 1970~88, 1980-30 '

% BART-served superdistricts (9
ﬁ Non-3ART-served superdisiricts (3}

.POPULATION AND JOB GROWTH

As the foregoing suggests. cne would expect population and
employment growth to favor sites served by RART. To what
extent has this actually been so?

Population Growth

Contrary to expeciations, we found that population has
grown (aster awsy from BART than near it (Figure 1). The Met-
ropolitan Trausportation Commission divides the nine-county
San Francisce Bay Area into 34 transportation plannisg superdis-
tricts. In the twenty years since BART opened, popsdation grew

- 35.2 percent in the 25 superdistricts not served by BART and enly

17.1 percent in the nine BARTserved superdistricts. In Alameda
and Contra Costa counties, the population grew three to fve
times faster, in percentage tevms. in areas not served by BART
than in served areas. ' '

Only in San-Francisco was the pattern different. Population
grew in the BART-served part of the city while the western half
lost some four thousand residents. - |

FIGURE 2

Percont employment growth in BART-setved and nen-BART-served
superdistricts in Alomeds, Contra osta, and San Frandsco countles:
197030, 1980-90

% 8ART-served superdistricts (9
ﬁ Hon-BART-served superdistrias {5}




Emploeyment Changes

Outside San Francisco. a similar patlern emerged in employ-
ment changes Figure 2). From 1970 1o 1990, job growth mostly
occurrad away from BART. Employinent grew 84.5 percent in
non-BART superdistricts compared to 38.9 percent in the BART-
served ones, mirroring the trend of job decentralization that was
occurting throughout the 1.8, At the county Jevel, employment
grew seven tines faster in non-BART portions of Alameda County
than in the BART-served portions, and non-BART superdistricts
in Contra Costa County added jobs at twice the rate of BART:
served areas. Growth percentagés can sometirnes be misleading:
in absolute terms, 153,000 more jobs were created in BART-
served superdistricts of Alameda and Contra Costa Counties than
in the non-BART superdistricts.

A finer-grained analysis of employment growth by zip code
showed marked disparities between San Francisco and the other
counties for the 1880-90 period according 1o duta at zip code level
from County Business Patterns. The 35 zip codes in the three
counties with BART stations gained 139,400 jobs from: 1981 to

BART SYSTEM MAP

BARY fine

BARY station

Mujor highway

1980, growing by 30.3 percent and accounting for 57.1 percent of
employment growth in the three counties, Employment in the
117 20u-BART zip codes increased by 110,300, or 19 percant.
However, almost all the BART-related employment growth
occurred in San Francisco. Jobs in East Bay zip codes by com-
parisen increased just 1.1 percent. v

We also compared BART and non-BART employwent
growth differentials by business sector. The two sectors int which
employment growth was most consistently concentrated in
BART-servad zip codes were Finance Jusurance and Real Estate
{FIRE), and non-Business Services. Even in these two sectors.
however, employment g’rowth was hardly uniform: it most
favored BAKT-served zip codes in downtown San Francisco and
along the north 1680 corridor. ]

In summary, job growth has been consisteutly higher
around BART stations in downtown San Francisco than else-
wher; in the region. In the East Bay, job growth has generally

‘been faster away from BART, especially in the south [-680

corridor. =

NUMBER 14, SPRING 1969




DEVELOPMENT ACTIVITY IN AND ARCUND BART STATIONS
Residential Construction
We estimate that a;:)proximzzlzely {our thousand housing units
were demolished during construction of BART and related
redevelopiment projects. Once coustruction was comnpleted, plan-
ners hoped these units woukd be replaced, and indeed, added to.
But it didn't guite work out that way: disiuvestment in housing
near BAKT stations continued well after BART was completed.
"Between 1870 and 1990, housing units within a quarter-mile of
BART stations declined by nearly four thousand units, or roughly
—11 percent. In contrast, the number of housing units in BART
served cities grew by 20 percent, and Alameda, Contra Costa, and
San Trancisco counties together experienced a 25 percent
increase. The loss of housing units around BART stations was

mostly a downtown phenomenon in Berkeley, Qakland. and San
Y ‘

Francisco (Figure 3}.

Additions to the housing stock, where they have ccourred,

have been concentrated at suburban stations, along the Fremont
line, and near the end of the line, Most gains—as, indeed, most
losses—have been apartment units, Property values and conges-
tion levels near BART stations are generally too high, aud usigh-
borhood services and azrxeni‘_tiesl too low, to attract single-family

homebuilders..

FIGURE-3
% {harge in single-family units

BARY station arees: change in single- and
ation s ¢ g @ Charge in muti-fomily anits

multi-family housing orits, 19701990

San Frandsco Line

Concord Line

Richmond Line

Fremont Line




lust about everyone agrees that developing bousing aear
BART stations is a good idea. In practice, it has always been a
tough sell. Until recently, Bay Area apartrent developers were
more interested in suburban nroperties than older urban neigh-
horhoods. Local general plans and development policies were—

development. In addition, residents of established siugle-family
neighborhoods around BART stations like North Berkeley and
Rockridge have long opposed residential densification of any
- form. Exceptatafewisolated statious like Fremont, Pleasant Hili,
and now Fruitvale and Castro Valley, opportunities for large-scale
residential development have been sparse.

Thus, notwithstanding thirty vears of demolition and con-
struction, wost near-BART housing is what it was and where

it was two decades ago. Iy 1990, apartments comprised about
three-quarters of the housing stock at BART station areas, about
the same as iz 1970. :

Office Construction

In contrast to housing, BART has had a significant concen-
trating effect on office development, but ouly in San Fraucisco .
(Figure 4}. In 1962—the year local funding for BART was .
approved by voters—the supply of office space in San Francisco
stoed at 18.8 million square feet. About half this total was located
in the downtown area, within a quarter-miie of what would be =

FIGURE 4

3n1e

San francisco office space
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the locations of the Emhurcadero, Montgomery, Powell, and
Civic Center BART stations. Between 1963 and 1974, when BART
was being built, San Francisco's office inventory sxpandad by 16
miillion square feet, two-thirds of which was Tocated within a quar-
ter mile of the same four BART stations. (Nearly half the office
space built in downtown San_Fraucisco between 1962 and 1974
was Jocated close to the Embarcadero BART station.)

During the next cighteen years, another forty milkion square
feet of office space—more than double what was already there—
would be built in San Francisco. Nearly three-quarters of this
amount would be built in downiown areas, within a quarter-mile
of the downtown BART stations, and again with more than half
the new supply near the Embarcadera BART station.

_BART alsofacilitated development of larger office buildings.

The average size of all San Francisco office buildings prior to

1962 was 72,000 square feet. The average size of office buildings -

coustructed between 1963 and 1974 was 365,000 square feet for
buildings located within a quarter-mile of future BART stations,
but only 208,000 square feet for buildings located beyond the
downtown area. As a resuit of public policies favoring smaller
building:li)ot.pﬁms, office buildings constructed since 1975 have
terded to be smaller than buildings coustructed in the 1960s aud
carly 1970s. This trend notwithstanding, the average size of new
office buildings constructed since 1975 outside BART station
areas is only 108,000, fess than half the size of office buildings of
"a sirvilar age located within a quarter-mile of 2 BART statiorn.

FIGURE §

East Bay offize space
tonstraction by periad

T

BART's concentrating influence on office development has

notextended to the East Bay. In fact, as Figure 5 shows, East Bay -

office construction during the last thirty vears has favorad cities
lacking BART service. As of 1962, the East Bay office inventory
totaled about 3.7 million square feet. Of this total, about twe-
thirds was located within a halfmile of proposed BART stations
in downtown Oakland, Berkeley, Waluut Creek, Concord, and
Fremont. Of the 5.4 million square feet of new East Bay office
space built between 1952 and 1974, only about a third was located
within a half-mile of proposed BART stations. Of the sikty million
square feet of new office space constructed iu Alarneda and Con-
tra Costa counties between 1975 and 1992, only 15 percent was
located within a quérter—mﬂe of a BART station. Indeed, most of
the niew office space coustructed tn the East Bay since 1975 is

located adjacent o freeway interchanges.

"The Land Use Planning Conneciion

Why did BART help conceatrate office development in San
Fx'aqcisco. but not in the East Bay? The answer to this question
fllustrates the crucial role of local planning and development

-policies in shaping the effects of transit on nrban developroent.

Remember that San Francisco political aud business interests
had always viewed BART's developrnent asa tool for maintaining
the city’s regional primacy. The San Francisco Redevelopment
Agency has loug worked toward the same end. As part of its
onguing redeveloprent efforts, it cleared vast amounts of land

58.¢0
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Within 1/2 mii_e of BART s:ation : - |
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along the Embarcadero during the 1950s and 1960s. Large
parcels suitable for modern office buildings were thus-available
for development right at. what wouid become San Francisco's
premier BART staiion.

More recently, San Francisco officials and citizens have
adopte(!'_a suceession of public policies aimed at concentrating
office development o the downtown area and preventing its intro-
sion into residential neighborhoods. The first such policy was the
Downtown Plan, adopted by the Board of Supervisorsin 1985 and
subsequently followed almest to the Jetter. The Downtown Plan
was followed n 1986 by the passage of Proposition M, a citizen
initiative limiting annual office construction to 400,000 square
feet, thereby forcing office developers te compete for sllotments.
The ratings syster adopted by the city for evaluating competing
office development proposals strongly favors downtown loca-

' tions. This has had the effect of making downtown sites even
- more valuable, ‘

Talen together, these three policy initiatives: site clearance
and land assembly, downtown-oriented commercial zoning (later
augmented with development incentives), and the construction of
a supporting fransportation infrastruciure (BART) have success-
fully prevented office development from deceniralizing within
San Francisco. . ‘

Ironically, ;liése same policies helped to promote nffice
deceantralization outside of Sau Francisco. As downtown San
Francisco office rents rose, partly in response t¢ Proposition M
construction csps and partly because of the inconvenience and
bigh cost of development dowutown, more aud more office
teniants began looking elsewhere in the region for office space.
These tenants found cities with excess highway capacity, plenti-
ful supplies of developable land, relatively liberal zoning and land
use policies, aud a yen to become a suburban office center. in the
absence of a regional growth-coordinating agency, cities began
competing with each other for commercial development.

Qakland, the one other city in the region well-positioned to
use BART to catalyze downtown development, was unable to
~ attract significant new office development. Instead, office devel-
opers and office tenants turned their attention to the Interstate
680 carridor in central Conira Costa County. The northeru part
of this corridor, the area between dowritown Walnut Creek and
downtown Concord, was served by BART. The southern past,
from Danville to Pleasanton, was not. Except in downtown Wal-
put Creele—aud even there, not until the mid-1980s--BART ser-

vice was not a significant inducement to office developers.

PATTERNS OF LAND USE CHANGE .

'A}though BART has clearly had some localized influence on
development activity at some stations, how far that influence
extends and whather it has beeu systematic remain open ques-
tions. To gain a clearer understanding of BART's influence, we
developed a series of statistical models of land use change in
Alameda and Contra Costa counties between 1985 and 1995.
(There were too few instances of land use change in San Fran-
cisco County.) The models track tenryear changes at the one-
hectare (10¢m by 100m) site level,

We evaluated five types of nndeveloped land use change and
four types of redevelopment: no change in undeveloped land:
change from undeveloped land to singlefamily residential use;
change from undeveloped land to multifamily use; change from
undeveloped land to commercial use; no chaoge in developad

land use; redeveloproent from nouresidential to residendal s
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use; redevelopment from noncommercial development to com-
mercial use; and redevelopment from nonindustrial development:
to industrial land use. These changes were cornpared with more
than twenty p;rédictiV'e factors, such as the distance from cach
one-hectare site to the nearest BART station and freeway inter-
chaunge. Altogether, more than 13,000 hectares of land in
Alameds and Contra Costa counties chauged use between 1985
and 1895, - -

BART's influence on 1885-85 land use chauge wn the two
counties tirned out to be rinor and uneven. In Alameda County,
proximity to a BART station reduced the likelihood that a vacant
site would be developed in either single-family use or cornmercial
use and had uo effect on mulii-family or industrial development.
In Contra Costa County, the closer a vacant site was to a BART
station, the less likely it was te be developed in any use. BART's
effect on redevelopment activity was even more varied. In
Alameda County, proximity to a BART station increased the tike-
lihood that a site would be redeveloped to commercial or indus-
trial use, but not residential use. In Contra Costa County,
proxi.mity' i a BAKT station had no effect on: redevelopment.

BART's lack of influence stands in marked contrast to the
effect of freeway interchanges. Among undeveloped Alameda
and Contra Costa sites in 1935, proximity to the nearest freeway

'in.ter:"um.ge exerted a stroug negative effect on single-family
development, a strong positive effect on commercial develop-
ment, a strong pdsitive effect on industrial development in
Alameda County, and a weak negative effect on Contra Costa

R R R SRR N R TSRS

The changing downtown Suw Franciseo skyline, looking toward Emharcadero station.

County industrial development. Proximity to a freeway inter-
change exerted a uegative effect on residential redevelopment in
Alameda County, a positive effect on Alarnedd County commer-
cial redevelopment, and a negative effect on Contra Costa County
industrial development.

PRICE AND RENT EFFECTS -

The process by which transportation investments influence
property values is kuown as capifalization. To what extent has
BART service been capitalized inio residential properly vaiues
and commercial rents? A

BART and Housing Prices _

Proximity te transit is only one of many possible factors
affecting housing values. Others include the size, age, and struc-
tural characteristics of the individual house; the location of the
house wis-g-vis regicnal employment and service centers; the
quality of the neighborhood and neighborhiood services (espe-
cially schoals}; and accessibility via automobile.

Proximity to any sort of transpertation facility is a double-
edged sword. On one hand, properties located near or adjacent te
highways and rapid transit lines usually have excellent accessi-
bility. On the other, homes located right next to major trans-
portatien facilities alse suffer from noise, vibration, and, with
highways, localized coucenlrations of pollution. Horues located
away from transportation facilities can avoid such problems, but
must sacrifice accessibility.
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To test these propositions, we compared 1990 prices and
characteristics among a sample of 2,360 home sales i Alameda
and Contra Costa couuties. We used a geographic information
system (GIS) to address-match each transaction to its street
.address, and then measure its distance to the nearest BART sta-
tion aud the nearest freeway interchanges, and determine
whether or not it was within 300 méters of an above-ground BART
line or freeway. :

All élse being equal—that is, controlling for house size, age,

number of bedrooms aud bathrooms, income in 1989, neighbor-
hood ethnic makeup, and being directly adjacent to a BART line
or freeway—homes near BART statious in Alameda and Contra
_Costa counties sold at a preroium, while bomes near freeway
" interchanges sold at a discount. ’

For every meter clgser an Alameda county home was to the
nearest BART station {measured along the street network), its
1990 sales price increased by 82.29. For Contra Costa homes that:
sold in 1990, the sales price premium associated with the nearest

'BART station was $1.96 per meter. The opposite. effect held for
freeway proximity: Alameda and Contra Costa homes near free-
way interchanges sold for less than comparable homes else-

where. For every meter it was closer to a freeway interchange, -

the 1990 sales price of an Alameda county home declined $2.86.

The per meter discount associated with highway accessibility. -

was even greater i Contra Costa County: 33.41.
These findings are subject to three caveats. First, as signifi-
cant as they are, these transit preniiums are not large énough by

themselves to promote redevelopment or increased residential

densities. Supportive land use policies and, where appropriate,
subsidies and incentives, are also necessary to encourage resi-

dential upgrading. Second; the existence and magnitude of a
station-access capitalization effect is by no means a sure thing.
Assimilar analysis of kouses near Sacrammento and San Jose light-
rail stations and San Mateo CalTrain stations failed to identify any
such premiums. '

Furthermore, the factthat 2 BART access prefuium existed
in the Fast Bay in 1990 does not rean that home values were cor-
respondingly higher in every home in é.very neighborhood near
a BART stztion. In neighborhoods suffering from weal housing
demand, or where the qu gl'u.y of the housing stock is poor, there
roay well be uo additional value associated with transit access.

. BART and Office Rents

We used a similar approach to investigate the influence of
BART service on office reats. We compared differences in 1993
office-building rents and vacancy rates in Alameda, Contra Costa,
and San Francisco counties a3 a function of proximity to the near-
est BART station. We culled listings for individual office buildings
from Black’s Office Leasing Guide: 1993 (San Francisco Bay Area
edition), nd matched addresses to their appmpriaté strect
locations. BART proximity was measured using concentric ugs
of 1/8,1/4, 3/8, and 1/2 mile around sach BART station, except
in downtown San Francisco, where it was measured using 1/8

- and 1/4 miile rings only. &
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A tole of two efforts to build suburban centers et subsrbon rail stutions. Top, Ballston, ¥irginia,

on the Weshington Metro’s Orange Line, one of several similar
subcenters there. Boltom, Pleasent Hill, California, en BART's Concord Line,

the lorgest new development ot ¢ previousty greenfield station site.
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Avernga 1393 office
rents in 1/S-mile
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distance rings from
downiown San
Frandsco BART
stations

Hindeed office tenants do value accessibility to BART, then
one would expect to ﬁld higher office rents for buildings closer
to BART stations. Figure 6 shows that no such patiern is evident.

If proximity to BART makes s buiiding more attractive to
potential tenants, then one would also expect to find bigher occu-
pancy rates for buildings closer to BART staiions. To a limited
extent, this was indeed the case in 1893—especiaily for the two
BART stations in San Francisco's financial district. When we

levked more closely we found the higher cccupancy levels
associated with BART instead reflected iraproved buflding qual-
ity, not access to BART. These results confirm the observations
of many commercial brokers: that office space is increasingly

becoming a commodity and that rents follow the everchauging

balance of supply and demand and building characteristics more
than location. ’

RETAIL ACTIVITY NEAR BART ‘

BART was planned and constructed before the idea that
transit stations should serve as neighborhood retail centers, or
“transit villages,” became as popular as it is today. Food is not
allowed in BART stations or on BART trains, and no BART station
_ includes significant internal retail space. Even at Bl Cerrito Plaza
and Bayiair, the two BART stations which directly serve regional
mafls, Siation-ﬁhbppin.g access is not ag good as it could be.

These problems notwithstanding, there is a substantial
amouitt of retsil activity close to many BART stations. Major new
retail projects have been developed adjacent to the Roclridge,
Oaldand-12th Street, El Cerrito del Norte, and Powel] Street
BART stations, and others are currently planned for the Fruitvale
and Pleasant Hill BART stations.

Gitywide aversge: 51.47

- How have the stores Iocated at or near BART statiens fared?
Does beiﬁg near a BART statiou beost customer traffic or sales?
And are there any disadvantages to locating near a BART station?

Lacking area or retailer-specific information on retail sale
volume, we developed zix_ld administered a brief questionnaire to
all retatlers located within a quarter—m'ile of twelve BART stations.
The majority of respondents (54 percent) were long established
at their current near-BART locations. Oniy 14 percent had béen
in business at their current (BART) locations for less than a vear,
while another 32 percent had been in Business at their carrent
locations for one to five vears. ]

Close proximity to BART had been a very important ¢on-
sideration in their initial location decisiof:, said 23 'percenlv of
respondents. Another 32 percent reported that BART proximity
had been somewhat important. But an ever larger number—
45 percent--said that being near BART had not besn a major
coasideration in their choice of Incation.

Opinions also varied widely regarding the contribution of
BART to retail sales; Sample-wide, 14 percent of survey respon-
dents believed BART cqn‘h“ibuteﬁdi positively to their sales.
Another 51 percent cited BART proximity as being only some-
what important to their business and sales, ;'md one-third cited
BART as having no effect. Furthermore, the longer retailers had

‘been in business near BART, the less positively they viewed

BART s coniribution to sales.
Few weekday BART riders actually shop near BART

55 percent caleulated that fewer than one in lea BART riders
actually shopped at their stores. Ouly 7 percent thought that local -
BART riders comprised more than half their custonier base. &

Souice, Back’s Guids 1993
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Restaurants and food stores were more likely w capture BART
patrons than service businesses.
4 customér and

Forty-four percent of respondents cite
employes convenience as the primary advantage of being located
near a BART station. Another 38 percent listed more customers
as a wajor advantage. Greater visibility, additional pedestrian
traffic, and BART'S role as au area landmark were lsted as mnajor
advantages by 20 percent, 15 percent, and 11 percent of respon-
dents, respectively. Merchandise retailers perceived more advan-
tages {o being near BART than did restaurants, food stores, or
service businesses. ,

On the other hand, almost a third of the survey respondents
didn’t list any disadvantages associated with being located near
BART, although one-third cited the presence of “nnwelcome
people,” and 22 percent cited reduced safety and security as key
concerns. Merchandise retailers perceived more disadvantages
_ frow being located near BART than did oiher businesses—iust as
they also pex’céch‘ed more advaniages. Retailers who had been in
business a Jong time were neither more nor less likely to find
specific fauits than were retailers who had just opened up.

All in all, most respondents were happy with their locations.
Sample-wide, 69 percent of respondents identified their current
near-BART location as an ideal business location. Only 14 percent
wanted to be located closer to 2 BART station, while only 10 per-
cent preferred to be tocated farther away. Seven percent of
respondents cited their ideal location as “nowhere near BART”
COMNCLUSIONS

The story of BART and its effects on the metropolitan
landscape of the Bay Area is complicated—composed of one very
big achievement, several smaller successes, and many missed

opportuniiies.

FIGURE 7

BART station areo
retniler survey:
cdvontages and

disadvantages of
near-BART lotations

BART's major achievement has been to link downtown San
Francisco with the growing suburbs of central Contra Costa
County. This bas allowed San Francisco to mainiain its preemi-
nence as the business and finaucial center of the Bay Area, eves
as regional auto use and traffic congestion have increased many
times over, On a more modest scale, BART has helped spark new
commercial and residential development around several subur-
ban stations, most nota‘:ﬁ»ly Walnut Creek, Pleasant Hill, Corrcord,
and Fremont. '

There have also been some notable fallures. So far, BART
has not triggered hoped-for levels of reinvestment in downtown
Berkeley, Caldand, or Richmond. BARTs land use effects on the
Richmend and Fremont lines as a whole have been much less
than were expected. Exeept for the Rockridge siation in Gakland,
BART has doue little to encourage new retail development.

There are many reasons why BART's land use and develop-
nient effects have to date been so modesi. RART is essentially:
a comuuier railroad, and the fact that most suburban BART
stations are either surrounded by parking lots or in freeway
medians has made nearby development difficult. In Berkeley,
El Cerrito, and parts of San Francisco, neighborhood groups
have long opposed more densé development around BART, Site
assembly and financing difficulties combined with a lack of com-
mercial demand have stifled station-area development along the
Fremont ine. BART has tong insisied that new station-area devel-
opmenis provide free replacement parking, but that renders
many projects econonticaily infeasible. In short, the accessibility
benefits from BART as capitalized into station-area land values
have not been sufficient to overcome either weak local real estaie
markets or entrenched opposition to development.

Might things be different in the future? The success of the
BART Rockridge station as well as recent evidence fraom Portland
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indicate that there is a large untapped market for quality, mixed-
use residential development within walking distance of regional
rail trapsit. Successful experiences in metropolitan areas like
Washington, D.C. and San INiego suggest that transit can be a
catalyst to development where local governments, imaginative
private developers, and trausit agerncies are able to work cooper-
atively together to overcome site assembly, design, financing,

and entitlement barriers.

Overall, our findings confirmn that the Iand use benefits from
investments in rail transit are not automatic. Rail transit can cor-
tribute to positive change, but rarely creates change by itseif The
bardware necds software—supportive land use policies such as
deusity bonuses and ancillary infrastructure improvements-—-if it
is to reap significant dividends.

BART is presently embarking on the largest expansion pro-
gram in its history, with sowme 25 mifes of suburban extensions at
various stages of planaing and completion. The degree to which
Bay Area localities attempt to-leverage BART's gift of improved
accessibility will determine the land use effects of both existing
and fiuture lnvestments over corning vears. We trust there will be

a BART@50 study to see if we are right. $
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METROPOLITAN Joseph P. BortMewoCenter

M T TRANSPORTATION 101 Eighth Saeet
' ' Oskland, CA %607-4700
| COMMISSION Tel: 510.46+.7700

TDD/TTY: 510.46+.7769
Fax: 510.464.7848

Memorandum

TO: TranSportatlon-Land Use Task Force Members DATE: July 19, 2004
FR: Valerie Knepper |

RE_: MTC TOD Study: Res. 3434 TOD Guiding Principles and Policy Apnroach Options

The purpose of this memo is to provide information regarding MTC staff’s current thinking
regarding “Guiding Principles” and to describe policy options to detail the MTC requirements for
supportive land use policies for programming of Res. 3434 regional transit discretionary funds.
Most importantly, the purpose of this item is for MTC staff and our consultants to receive
feedback regardmg the draft principles and policy options.

I. Draft TOD Guiding Principles
The following “TOD Guiding Principles” are intended to provide simple and clear statements that
will guide our development of spemﬁc policies.

(a) Increase Tran51t Ridership By Encouraging H1gher Density Development Around Stations.

One of the key goals of the TOD policy is to increase transit ridership by providing more
opportunities for people to live and work in close proximity to key transit stations and hubs. The
TOD study will help MTC define minimum housing and employment densities that will maximize
potential ridership, and thus cost- eﬁectxveness for new pubhc transit investments funded under
Resolution 3434.

(b) Ensure New Transit Villages are Livable and Vibrant Places. While generating transit
ridership is a critical goal for any transit-oriented development policies MTC adopts, we are also
looking to affirm that more compact development patterns and higher density residential and
commercial growth around transit hubs bring with them livability, green spaces and other key
quality-of-life features. :

(c) Develop Criteria That Are Tailored. A key concept in defining “supportive land use policies”
is to match the land use density and mix of uses to the ridership and access needs of specific
transit modes (i.¢., heavy rail, light rail, buses, ferries). In addition, policies must take into
account the geographic diversity of the region and the variations in urban and suburban settings.

II. Policy Approaches for Defining “Supportive Land Use Policies” for Res. 3434

In December 2003, MTC adopted the policy that the programming of regional discretionary
transit funds for Res. 3434 projects would require supportive land use policies by local
Jjurisdictions. Indeed, the original Res. 3434 included a requirement for supportive land use
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policies. A major objective of the current TOD study is to develop an exphmt and well-founded
approach to implement this policy direction.

(a) Review of Existing Transit Oriented Development Policies

As a first step in this process, the TOD Study began by reviewing and summarizing policy
approaches that support TOD development from both outside the region and from within the -
region. The consultants have developed a draft summary that reviews several important existing
transit oriented development policies, and will provide a brief summary to you. In addition, they
will discuss lessons learned from this review that appear relevant to the development of policies in

the Bay Area.

(b) Conceptual Policy Approaches

Based on the guiding principles above and staff review of existing TOD policies, the following -
basic policy approaches can be considered. MTC staff anticipates including more than one policy
option in the draft T-2030 (MTC’s next regional transportation plan), to be released for public

- comment in the fall of 2004. (Please note that there are numerous and important variations and
details needed to flesh out these approaches, which will be the subject of further discussions, but
we are requesting your feedback on basic policy options at this point.)

1. Option 1: Transit Ridership Requirements _ -

The most common approach by transit agencies to requirements for supportive land use policies
has been to require that the station and/or corridor generate a target level of ridership. The level
of ridership threshold and the limitations of other forms of access implicitly point to a level of
needed density immediately around transit stations/hubs to satisfy the requirements/be highly
ranked for this criterion. This basic approach, with important additional features, is used by the
Federal Transit Administration for new transit starts using federal funds and by BART for
achieving a recommendation to move forward into later stages of development. Given that land
use development takes time, this approach may require progressively more concrete policy,
regulatory and legal commitments by local jurisdictions to suppoit achievement of the ridership

levels.

2. Option 2: Density Requirements

Another approach is to directly require target levels of land use development matched to the
needs of the proposed transit mode (i.e., heavy rail requires more ridership and thus would require
higher levels of density than would light rail). This approach defines requirements closer to the
control of local jurisdictions — i.e. land use planning and zoning controls. Density requirements
can be defined in terms of residential density (e.g. 40 units an acre) or the number of people
located around a station/corridor (e.g., 20,000 people within 1 mile). It can also be defined in
term of residents only, or both residents and workers. As above, this approach may require
progressively more concrete policy commitments by local jurisdictions over the timeline of the

project.

3. Option 3: Point System Incorporating both Density and Design Requirements

Given that MTC has a strong commitment to improving the livability of our communities, and the
positive influence of the design of places on walk and bike access to transit stations /hubs, another
approach would be to include both targeted levels of density, (to be defined as per the discussion
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above) and design requirements that facilitate non-auto access to transit stations/hubs. These
factors would be combined into a point system that would reward both the level of development
and also design features such as connecting streets and sidewalks, bike routes directly into
stations, landscaping designed for pedestrians, and facilitation of pedestrian scaled retail and other

activities.

4. Option 4: Matching Place Types and Mode

Different transit stations play different roles in the regional transit system, and while each station
must generate sufficient use to be justified, and the entire corridor must generate sufficient use to
be cost effective, the type of use may differ from station to station. These different patterns of
use are termed “types” and include as basic types urban downtown, suburban center, and
suburban village. Each of the types of transit modes (e.g. heavy rail, etc) interacts with each of

~ the place types. For example, a heavy rail system in an urban downtown may have very high
ridership levels by serving as an employment center, and may not have much residential use in the
proximity. On the other hand, a light rail station in a suburban center may have high mixed use, |
while in a suburban village may have high residential densities. This approach would estabhsh
development requirements for types of transit and place type combinations.

We look forward to your input, ideas and recommendations.




BAY AREA TRANSIT ORIENTED DEVELOPMENT (TOD) STUDY
PURPOSE, KEY QUESTIONS AND STUDY APPROACH

Study Purpose '
The Transit Oriented Development (TOD) Study will assess the opportunities, benefits and barriers for

increased levels of TOD in the San Francisco Bay Area, and help define MTC’s policies in support of Bay
Area TODs. Specifically, this study will recommend policies for conditioning regional discretionary funds
under MTC’s control for Resolution 3434 transit expansion projects on the demonstration of supportive -
land use policies by local government around transit stations and along key transit corridors. This direction
was adopted in principle as part of Resolution 3434 and reaffirmed in the Commission’s approval of the
draft five-point transportation-land use platform in December 2003. This study will play an instrumental
role in defining and implementing this policy, and will be conducted in close partnershlp with ABAG,
transit agencies, local governments and other interested stakeholders. '

Key Questions and Study Approach
. The following key questions will be addressed in the study:

Q uestion 1 - How much opportunity for TOD exists in the Bay Area, what kinds of opportunities are there,
~and where are they? What does the best-case scenario for TOD look like regionally? What different types
of opportunities for TOD are there in the region?

o  Work with ABAG to estimate the potential regional size and impact of TOD in the Bay Area.
Summarize current, future and “best case TOD” conditions next to transit stations and in transit
corridors in the Bay Areq, including demographics, land use conditions, local policies, and transit
ridership impacts. Identify types of TOD opportunities in the Bay Area by transit mode and other
characteristics. '

Question 2 — What policies to support transit oriented development are bemg used in other areas of the
country, as well as within the Bay Area? :

o Summarize regional policies to support TODs, including different regional polfcy approadches and
incentive programs from outside the Bay Area, and relevant policies from within the region.

Question 3 — What are the components of an effective regional policy to support TOD in the Bay Area?

Assess the lessons learned from other regions and from within the Bay Area.

o - Assess the existing transportation and land use planning processes within our region, and the unique
characteristics and diversity of the Bay Area.

e Propose policy planning approaches that more closely link regional transit investments with .
corresponding levels of local land use development policies.

Question 4 — How do we test and evaluate the potential policy approaches as proposed?

e Develop and review the proposed approach with technical advisors, policy advisors, and the public.
Conduct case studies with local jurisdictions to analyze the effectiveness of the proposed policies in
detail. Refine the policy approach based on partner feedback and further analysis.

e Refine the policies based on the feedback and findings from the case studies.

Question 5 — What is the objective of the TOD Study?

e Recommend policies for conditioning regional discretionary funds under MTC’s control for
‘Resolution 3434 wransit expansion projects on the demonstration of supportive land use policies by
local government around transit stations and along key transit corridors.




BAY AREA TRANSIT ORIENTED DEVELOPMENT (TOD) STUDY

PROJECT SCHEDULE (abbreviated)

Task # - o Task Description

Completion Date

Refined project scope and schedule

June 1, 2004

2 Summary of policy approaches/ incentive programs from outside and within the June 18, 2004
Bay Area to support TODs. :
Lessons learned relevant to MTC policy development.
3 Analyses of land use and demographics (current, future and “best case TOD”) August 30, 2004
1 conditions and plans proximate to transit stations/hubs/corridors
* Population, household and employment information in the areas -
- immediately proximate to current and fusture transit stations, hubs and
corridors for existing, forecast future, and “Best Case TOD” scenarios
¢ Planned Jand use from local General Plans proximate to transit
4 Types of Bay Area TOD opportunities and relevance to development of policies July 30, 2004
e Types of Bay Area TOD opportunities, distribution of TOD opportunity
types, and the relevance to the development of MTC policies.
e Issues and opportunities relevant to each type of TOD opportunity, and
implications for supportive regional policies.
+ Regional market conditions for development in tran51t corridors / statxons
~ of the regional “Best Case TOD” scenario.
e Estimate of regional transit rldershlp impacts of the “Best Case TOD”
5 Overall regional policy approaches to support matched deve]opment of land use August 27, 2004
and transportation ’
e Potential policy approaches mcludmg incentives and performance
measures. .
e - Potential performance measures for minimum densities and intensities for
the programming of transit expansion funds under MTC's Resolution
3434 on supportive land use policies by local jurisdictions.
° Effective approaches for achieving supportive local land use policies.
6 Case studies analyses For each location: April 30, 2005
e Existing conditions and current plans, report on site tour and discussions
with local planners and interests -
e Summaries of opportumtles, mcludmg the market assessment and land use
potential.
Summaries of the relative ridership estimates from TOD.
Recommended solutions or approaches to address any impediments to
development of TOD .
e Recommending refinements to MTC’s policy approach.
7 Final Report, PowerPoint presentation, Briefing Book June 1, 2005
Knepper 8/27/2004




ATTACHZ_MENT 3b-1
Transportation and Land Use Policv Platform

1. Develop a transportation/land use policy statement for the Transportation 2030 Plan.

o Develop a clear transportation/land use pohcy statement that provides a framework for
evaluating the land use 1mphcat10ns of major project and program choices in the
Transportation 2030 Plan.

e Focus on assessing transportation projects and programs specifically, as a complement to
the other elements of the Smart Growth Project recommendations dealing with housing,
open space preservation, socio-economic location/displacement.

e Develop in cooperation with transportation, regional, and local government partners.

2. Determine an appropriate percentage of TLC/HIP program that should fund specific

plan development around existing or near-term future rail stations or corridors.

e Complement discreet, community/neighborhood scale improvement projects of the
TLC/HIP program with broader land use strategies. ¥

e In partnership with ABAG’s corridor planning initiative, enhance the potential for transit
‘oriented development by providing financial support of specific plans detailing
developable parcels, zoning requirements and mitigation hazards in areas around transit
stations-or along transit corridors. :

3. Encourage changes to local general plans that support Tran51t Oriented Development

for Resolution 3434 investments.

e Promote development of land uses adjacent to major transit extensions, to support
ridership markets that will make these investments economically feasible.

¢ Condition the award of regional discretionary funds under MTC’s control for Resolution
3434 expansion projects, on the demonstration by local government that plans are in place
supporting some level of increased housing/employment/mixed use density around transit
stations/transfer centers. 4 '

4. Support transportatlon/land use coordination beyond transit corridors.

e Continue to pursue neighborhood scale access improvements (bike/pedestrian/local
transit) outside of the rail/major trans1t corridor network, highlighted through the TLC
program.

e In conjunction with ABAG, develop a housing location strategy in tandem with a jobs
location/economic development strategy, to recognize the synergistic commute
relationships between the two. '

e Develop aregional open space strategy, in conjunction with ABAG, which would

~ reinforce infill development as a priority for growth in cities and established suburbs.

5. Coordinate transportation/land use issues with regional neighbors

e Pursue cooperative planning with neighboring regions to the north (SACOG region and
Lake and Mendocino counties), east (San Joaquin and Stanislaus counties) and south (San
Benito, Monterey and Santa Cruz counties) of the Bay Area.

o Identify and resolve data gaps or inconsistencies in long range demographic forecasts
(what are these regions projecting for future jobs and housing?), as well as travel
projections on key transportation facilities connecting the MTC region to its neighbors—I-
80, 1-580, US 101-North; US 101- South, State Hwy 17 and State Hwy 1.

JA\COMMITTE\Planning & Operations\2003\DecemberO3\ATT 3b-1 Trans-LUse.doc
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C.V. of Terry Watt.







s
- Terrell Watt, AICP
Terrell Watt Planning Consultants
1937 Filbert Street
San Francisco, CA 94123

terrywatt@att.net
office: 415-563-0543

EXPERIENCE
1989 - TERRELL WATT PLANNING CONSULTANTS

‘ - Planning consulting firm owner :
1981-1989 SHUTE, MIHALY & WEINBERGER

' Planning Expert/Paralegal
1981-1983 '~ MUNDIE & ASSOCIATES .
Planning Consultant to public and private clients

1979-1980 EDAW, INC.

Project Management Planning Consultant

PROFESSIONAL MEMBERSHIPS AND BOARDS
American Institute of Certified Planners (AICP)

American Planning Association (APA)
Board Member of the Conservation Blology Institute www. consbIo org

EDUCATION

usc GRADUATE SCHOOL OF URBAN AND REGIONAL PLANNING
' Masters degree in City and RegIonaI Planning

STANFORD UNIVERSITY
Bachelor's degree in Urban Studies

Since 1989, Terrell Watt, AICP, has owned Terrell Watt Planning Consultants. Ms.
Watt's firm specializes in planning and implementation efforts focused on regionally-
significant projects that promote sustainable development patterns. Prior to forming her
~ own consulting group, she was the staff planning expert with the environmental and
land use law firm Shute, Mihaly & Weinberger. She is an expert in general and specific
planning, open space and agricultural land conservation and environmental compliance.
Her skills also include public outreach, negotiation and facilitation.
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Terrell works with a wide variety of clients throughout California including conservation
organizations, government agencies and foundations. Her recent projects include:

~+ Project Coordinator for the Los Angeles Infill Potential Methodology study,
funded by an Environmental Justice Grant from Caltrans and jointly
sponsored by the City of Los Angeles, County of Los Angeles and
Environment Now.

« Secretary Terry Tamminen’s Representative to the California Infill Study
Task Force, a Subcommitiee to the State’s Smart Growth Task Force.

. -P_rimary-consultant to the City of Livermore on the South Livérmore Wine
County Specific Plan and Transfer of Development Rights Program.

. Consultant to the Institute of Local Self Government for the development of
A Local Official’'s Guide to Funding Open Space Acquisition.

+ Consultant to the PlanninAg and Conservation League led coalition of
' community and environmental groups on California High Speed Rail.

. Member of Mayor Gonzales’ San Jose Coyote Valley Task Force on behalf
of the Silicon Valley Conservation Council.

« Founder and Project Dlrector of the newly forming Association of Infill
Builders.

SUMMARY OF RECENT PROJECTS

South Livermore Valley Wine Country General Plan Amendment, Urban
Growth Boundary, Specific Plan and Transfer of Development Rights
projects. Assisted the City of Livermore in developing and adopting the

~ South Livermore Valley Wine Country plan and implementing documents.-
The results include one of the highest per unit/per acre agricultural and open
space mitigation fees in California, limited “final” urban development forming a

. ‘permanent urban growth boundary and protectlon of over $5,000 acres of
pnme agricultural and habitat land.

Santa Clara County Parks and Recreation Department: Assisted 2M
Associates to prepare the Department’s Strategic Plan for parks and open
space development and protection. The Strategic Plan includes proposals
for renewing the Park Charter fee for open space. ‘

Planning and Conservation League: Coordinating comments from an
informal network of environmental and conservation organizations on the
proposed High Speed Rail project and related environmental review
document (EIR/EIS). Funding is provided by the Resources Legacy Fund
Foundation. : ' :
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San Francisco Public Utilities Commission/Jones and Stokes
Associates: Assisting with the community outreach program and the
preparation of a Habitat Conservation Plan for the Alameda Watershed

Caltrans, City of Los Angeles, County of Los Angeles and Environment
Now: Coordinator of the Los Angeles Infill Working Group, which is tasked
with preparing a report on infill potential and strategies for infill projects under
-an Envrronmental Justice Grant from Caltrans.

Mid-Peninsula Regional Open Space Dlstnct Assisted in the development
of a service plan, LAFCo applications and environmental documents for the
District's annexation of the San Mateo Coast

The Nature Conservancy, Cahfornla Assisting TNC to develop
conservation priorities and an Oak Woodland Protectlon program for Tulare
County.

Infill Builders Association: Assisting a number of builder organization.s and
non-profits to form an Association to advance infill development in California. .

Institute for Local Self Government (ILSG)/lLocal Government
Commission: Assisting in the preparation of a guide for local governments
- on funding mechanisms for open space protection. Funding for the report is
provided by the Resources Legacy Fund Foundatlon and the David and -
Lucile Packard Foundation.

Cambria Services District and Local Coalition: Prepared a toolbox of
funding mechanisms and organizational options for protecting open space.

Open Space Fee Agreements with Landowners: Transfer tax for open
space on new residential/resort development in Truckee and Placer County; ‘
- Mello-Roos assessment on new residential and commercial development in
'Fairfield; agricultural conversion fees and dedication requirements in South
Livermore; land dedications in return for development on the Newport Coast;
Orange County NCCP/HCP fees

Proposition 218 Campargn in Santa Clara County: Led the Silicon Valley
Conservation Council effort to pass a Proposition 218 benefit assessment fee
for open space funding in Santa Clara County. '

Caltrans, The Nature Conservancy and Green Info Network: Assisted the
team to evaluate how best to coordinate resource conservation and
transportation planning. Work products include a computer application that
~illustrates potential conflicts between proposed transportation projects and
TNC portfolio sites and a report outlining the transportation process in
California. _
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Tejon Ranch Working Group/Environment Now Foundation: Coordinator
of the Working Group to determine and advance the importance of protecting
~ high value resources on the Tejon Ranch through comprehensive planning.

Sierra Watch: Planning consultant to Sierra Watch, a non-profit directed at
-sensible planning for the Sierra.

Humboldt County Watershed Council. Working with the Council and five
other leading environmental groups to ensure that conservation policies are
included in the Humboldt County General Plan update, which is curmently
underway. Funded is provided by the Resources Legacy Fund Foundation.
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Map of Los Banos Area Growth Patterns in relation to 'GEA
Boundary, Federal and State Lands, and Federal and State
Easements
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